a 
ao | 
SELEGE 


os 


* | 
Ry ree . 
te i 
sty ee 
| ra) } 
ah 
Gah KH ‘ 
(yt K 4, 
ay Ae), 
| Na) 
HW ) 
ie?) 
oH ey 
nt RW 


Ieeeneennnaiane tittle ai 


Nts ete eee oye 


Experimental Refearches 


CONCERNING THE 


Poe LO 8 0 Pe. 


OF 


PERMANENT COLOURS; 


AND THE 


Beft Means of producing them, by Dy1ne, 
CALLICO PRINTING, &c. 


e . 
e ee e 6 * e 2.%, 028 
° 


By EDVARD “BANCROFT! 'M.'D.' * 


FELLOW PF.THE RQYAL SOGIELY, Sac. 


e 
. e ee eeee eee eeetese 


“ Cet art (de la teinture) eft un des plus utiles et des plus merveilleux 
« gu’on connoiffe ; & fi quelque un peut infpirer un noble orgueil a 
«« Phomme, c’eit celui JA: non feulment il a procuré le moyen de 
“© fuivre et d’imiter Ja nature dans la richeffe & Veclat des couleurs ; 
<© mais il paroit Pavoir furpaffé en donnant plus d’éclat, plus de fixité 


« & plus de folidité aux couleurs fugaces & paflageres dont elle a revetu 
<¢ tous les corps qui compofent ce globe.” 
CuarTat, Elémens de Chimie, tom. iii, p. 185. 
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Confiderable part of this Volume was 
printed early in the year 1792; but vari- 
Qus interruptions have fince concurred in delay- 
ing its conclufion. A fecond Volume is in- 
tended to follow, and complete my prefent plan ; 
the materials of which are nearly all provided, 
though I cannot expect that it will be publifhed 
until near the end of the enfuing year. 


That and the prefent volume will contain the 
refults of many thoufands of experiments, and of 
much obfervation and refleétion, during the 
{pace of twenty-five years, in which this fubjec&t 
has been my principal occupation; and as it 
will probably continue to occupy a great part of 
my time, whilft life and health are prolonged to 
me, I may be allowed to hope, that future dif- 
coveries will hereafter enable me to publifh at 
leaft one other volume as fupplementary to thefe, 
which are intended to convey all the knowledge 
1 have hitherto acquired on this fubject. 


The prefent volume comprehends what I have 
to offer concerning the different animal, veget- 
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able, and mineral colours, and colouring matters 
of that clafs which I have denominated /udfan- 
tive, becaufe they do not depend upon any bafis 
or mordant, either for their permanency or 
their luftre: and alfo what I have to commu- 
nicate refpecting the colouring matters of an 
animal nature, belonging. to the other clafs 
or divifion, which I have called adjeétive co- 
lours,: becaufe they are capable of being en- 
livened and fixed only by being adjected or ap- 
plied upon a fuitable bafis: and it alfo contains 
fuch of the vegetable adje€tive colouring mat- 
ters as are ufed, or capable of being advanta- 
geoufly ufed, in producing the various fhades of 
yellow. 


The fecond volume is intended to compre- 
hend all the remaining adjective colours and co- 
louring matters, particularly thofe very inte- 
refting ones which are derived from the tribe of 
madders, the different fpecies of gallium, and 
other roots employed in Afia, as well as in Eu- 


rope, to produce permanent reds; the different 
red, purple, and other dying woods now in ufe, 
with many which never were ufed, at leaft in 
Europe, except by myfelf; and alio the different 
vegetable matters which become d/ack by being 
combined with iron; refpe€ting which J fhall have 


many new and important facts to communicate. I 
8 fhalt 
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fhall alfo in the fecond volume refume and pro- 
fecute, as far as I may be able, fome abftrufe 
but interefting inquiries relating to the caufes 
which influence not only the production but the 
variations and decays of colours, of which in-« 
deed the prefent volume affords many intima- 
tions, though my final conclufions on this fub- 
ject have been delayed for the refults of par- 
ticular experiments, which I have not hitherto 
been able to profecute fatisfactorily. And in- 
deed, refpecting fome part of what I have been 
able to do in this intricate enquiry, I may fay 
with M. Sennebier, “ je ne puis difimuler que 
J Ui vu Varier mes expériences d’une maniere propre 
a me confondre; quoique je fuiviffe conftamment 
les mémes procédés, du moins en apparence, je 
dois le dire, jai vu des réfultats. oppofés.” 
(Mems. Phyfico-Chyms. &c.) And perhaps 
there is none of thofe who have been long en- 
gaged in chymical purfuits, to whom fimilar 
difficulties and difappointments have not oc- 
curred. 


Nothing but a hope that this work may pro- 
duce confiderable public benefit could have in- 
duced me, amidft other numerous avocations, 
thus to employ the time and attention which 
have been neceffary to produce it. I feel, how- 
ever, that it will be far, very far from deferving the 

A 4 character 
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character of a perfect work, and, in truth, that 
chymical fcience is far from having attained 
that ftate which is neceffary to perfection on this 
fubje&t. The objects, and the knowledge ré- 
quired for a complete treatife on dying and cal- 
lico printing, are indeed fo various and exten- 
five, that what Sennebier has faid of fuch a 
performance will always be true, ‘* Cet ouvrage 
Feroit immenfe; it ne confifle pas en faits ifolés, 
quil fuffit @ examiner féparément ; ¢ eft un en- 
Semble prodigieux & créer, foit par la réunion des 
faits counus et de leurs applications, foit par la 
recherche des faits nouveaux,” Se. 


In arranging the objects of my prefent under- 
taking, I have adopted that plan which would, 
as I thought, beft enable me to convey my 


ideas intelligibly, with the feweft repetitions, 
and without feparating matters effentially con- 
nected: to each other. In purfuing it, I 
have endeavoured to avoid minute defcriptions 
of fuch manual and mechanical operations of 
dying and callico printing, as are not connected 
with the principles of the art; becaufe artifts 
know them already, and, to mere fpeculative 
readers, a knowledge of them would be ufelefs. 


My Readers will fee, that I have adopted the 
terms of the New Chymical Nomenclature, 
and 
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and alfo (with a very few exceptions) the prin- 
ciples to which it relates: and I have done this, 
not becaufe I confider them as forming a 

{yftem, or imagine bist we are yet ane ted 
with all the minute and abftrufe caufes of chy- 
mical effects, but ae I confider the new 
doctrines as according much better with faéts 
than the old; and as beine much better fuited 
to become parts of a perfe& fyftem, when fuc- 
ceffive difcoveries fhall at lengt 
neceflary to its selon ene And though there 
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1 afford the means 
are fome truly refpectable chymifts, whofe minds, 
ftrongly prepoffefled by ideas and opinions for- 
merly received, have not yet become acceffible 
to the fuperior evidence which fupports the new 
fyftem ; yet their number is continually diminith- 
ing, and, in a fhort fpace, the generation itfelf, 
to which thofe of us belong, who either were, 
or continue to be, prejudiced on this fubjeét, 
will have paffed away; and, judging by the fen- 
timents of thofe who are likely to ftand fore- 
moft among our fucceffors, there can be no 
difficulty in forefeeing which of thefe fyftems 
muft prevail. 


Lonpon, Augué 2sth, 1794. 


The Reader is defired to correé the following more ma- 
terial Errors of the Prefs, wiz. 


30. for Barthollet read Bertholet. 
24. celor read calor. 
19. diluted read dilated. 
IZe Goquet read Goguet. 
24, arundinem read harundinum. 
16. vital add thenitrous, or the fixed. 
29. Quatrenere read Quatremeree 
24. Hallot read Hellot. 
30. forcé read foncé. 
6 Lord Verulum read Lord Verulam. 


Page 16. 
33. 
62. 
97° 
97° 

115. 
1376 
160. 
160. 
366. 
371. 
17%. 
180. 
7338. 
215- 
215. 
225. 
229. 
263. 
299. 
254< 


4. cortinem read cortinam. 
9- after digeret add cos. 
Seay fulphate of alum read fulphate of alumine. 
21. Luteolu read Luteolae 
25. what read that. 
4. . inowater read into water; 
22. fpiffed read {piflated, 
aubieular read orbicular< 
celatant read éclatant. 
than read by. 
acetite read acetite. 
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EXPLANATIONS 


NEW TERMS, ufed in this Volume. 


AcerareEs. 


Acetate of copper. 


Acetate of iron. 
Acetic acid. 
Acetites. 


Acetite of alumine. 
Acetite of bifmath. 
Acetite of copper. 


Acetite of iron. 

Acetite of lead. 

Acetite of mag- 
nefia. 

Acetous acid. 

Acidulous arfeniate 
of pot-afh. 


Salts formed by the combination of 
the acetic acid, or radical vine- 
gar, with different bafes. 

Copper combined with the acetic 
acid. 

Iron combined with the acetic acid. 

Radical vinegar. 

Salts formed by the combination of 
the acetous acid, or diftilled 
vinegar, with different bafes. 

Alemine, or earth of alum, come 
bined with the acetous acid. 

Bifmuth combined with the acetous 
acid. 

Copper combined with the acetous 
acid. 

Iron ccmbined with the acetous acid. 

Lead combined with the acetous acid. 

Magnefia combined with the acetous 
acid. 

Diftilled vinegar, 

Macquer’s arfenical neutral falt: 
pot-afh, or vegetable alkali, 
united to. the arfenic acid; in 
which the pot ahh not being 

fuficient 


xin 


Adjective coloursor 
colouring mat- 
ters. 

Ammoniac. 


Ammoniates. 


Ammoniate of cop- 
per. 
Arfeniates. 


Arfenic acid. 


Azote. 


B. 
Barytes. 


C. 


Caloric. 
Carbonates. 


Carbonate of am- 
moniac. 


Carbonate of lime. 

Carbonate of pot- 
afh. 

Carbonate of foda. 


Carbone. 


Carbonic acid. 
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EXPLANATIONS OF NEW TERMS. 


fufficient to neutralize this acid, 
the latter predominates, and the 
falt is therefore called acidu- 
lous 

Colours or colouring matters, which 
acquire their luftre and perma- 
nency by being adjeéted or ap- 
plied upon a fuitable bafis. 

Cauftic volatile alkali. Volatile 
fpirit of fal ammoniac. 

Combinations of ammoniac with dif- 
ferent bafes. 

Copper combined with ammoniac. 


Salts formed by the combination of 
the arfenic acid with different 
bafes. 

The acid which is obtained from 
arfenic. 

Phlogifticated air of Prieftley and 
others ; the bafis of the nitrous 
acid ; and hence alfo called ni- 
trogene by Chaptal, &c. 


Earth of ponderous fpar. 


Latent 


Matter or fubftance of heat. 
heat. 

Combinations of the carbonic acid 
with different bafes. 

Ammoniac united to the carbonic 
acid. Concrete, or mild vola- 
tile alkali. 

Chalk. Aerated calcareous earth. 

Mild fixed vegetable alkali. Salt of 
tartar. 

Fixed mineral alkali. 

Pure charcoal, or the bafis of char- 
coal. 

The acid obtained from carbone, in 
the form of an elaftic fluid or 

Commonly called fixed 


gaze 
air. 


Citrates. 


EXPLANATIONS OF NEW TERMS. xiii 


Citrates. 


Citrate of alumine. 
Citrate of tin. 


Citric acid. 
F, 
Fluates. 


Fluate of tin, 
Fluoric acid. 


G. 


Gaz or gas. 


H. 
Hydrogenous gaz. 


M. 


Muriates. 


Muriate ofalumine. 


Muriate of ammo- 
niac. 

Mouriate of anti- 
mony. 

Muriate of barytes. 

Muriate of bifmuth. 


Muriate of cobalt. 
Muriate of copper. 
Muriate of iron. 
Mariate of lead. 


Muriate of lime. 
Muriate of magne- 


fia. 


Salts formed by the combination of 
the citric acid, or acid of lemons 
with different bafes, 

Alumine united to citric acid. 

Tin diffolved by, or combined with, 
Citric acid. 

Acid of lemons. 


Salts formed by the union of the 

fluoric acid with different bafes. 
Tin combined with fluoric acid, 
Spathofe acid. 


An elaftic or aeriform fluid. 


Inflammable air, 


Salts formed by the combination of 
the muriatic acid with different 
bafes. 

Alumine combined with muriatic 
acid. 

Ammoniac combined with muriatic 
acid. 

Antimony combined with muriatic 
acid. 

Barytes combined with muriatic acid. 

Bifmuth combined with muriatic 
acid. 

Cobalt combined with muriatic acid. 

Copper combined with muriatic acid. 

Iron combined with muriatic acid. 

Lead combined with muriatic acid. 
Horned lead. 

Lime combined with muriatic acid. 

Magnefia combined with muriatic 
acid, 

Muriate 


XIV 


Muriate of mercury. 


Muriate of filver. 
Muriate of foda. 


Muriate of tin. 
Muriate of zinc. 


Muriatic acid. 


Murio-nitrates. 


Murio-nitrate 


tin. 


f 
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Murio-fulphates. 


Murio-fulphate of 
bif{meth. 
Murio-fulphate of 


tin. 


Murio-fulphate of 


Zinc. 


Murio-tartrites. 


Murio-tartrite of 
tin. 


Nitrates. 


N. 


Nitrate of alumine. 


Nitrate 


mony. 
Nitrate of barytes, 
Nitrate of bifmuth. 
Nitrate of cobalt. 
Nitrate of copper. 
Nitrate of iron. 


of 


anti- 


EXPLANATIONS OF NEW TERMS. 


Mercury combined with muriatie 
acid. 

Silver combined with muriatic acid. 

Soda combined with muriatic acid. 
Common fea falt. “ 

Tin combined with muriatic acid. 

Zine combined with muriatic acid. 

Acid of fea falt. Marine acid. 

Salts formed by the combination of 
the moriatic and nitric acids 
with different bafes ; the muri- 
atic acid being in the greateft 
proportion. 

Solution of tin, 
nitric adids. 

Combinations of the muriatic and 
fulphuric acids with different 
bafes; the muriatic acid being 
in the greateft proportion. 

Solution of bifmuth, by the mgriatic 
and falphuric ids. 

Solution of tin, by the muriatic and 
fulphuric acids. 

Solution of zinc, by the muriatic and 
fulphuric acids. 

Combinations of the muriatic and 
tartareous acids with different 
bafes ; the muriatic acid being 
in the greateft proportion. 

Tin diffolved by the muriatic and 
tartareous acids. 


by the muriatic and 


Salts formed by the combination of 
the wztric acid with different 
bafes. 

Alumine combined with nitric acid. 


Antimony combined with nitric 
acid. 
Barytes combined with nitric acid. 
Bifmuth combined with nitric acid. 
Cobalt combined with nitric acid. 
Copper combined with nitric acid. 
rsh combined with nitric acid. 
Nitrate 


EXPLANATIONS OF NEW TERMS. 


Nitrate of lead. 
Nitrate of lime. 
Nitrate of magnefia. 
Nitrate of manga- 
nefe. 

Nitrate of mercury. 
Nitrate of nickle. 
Nitrate of pot-afh. 


Nitrate of filver. 
Nitrate of tin. 
Nitrate of zinc. 
Nitric acid. 


Nitrites. 


Nitrous acid. 


Nitro-muriates. 


Nitro-muriate of 
antimony. 

Nitro-muriate of 
bifmuth. 

Nitro-muriate of 
gold. 

Nitro-muriate of 
platina. 

Nitro-muriate of 
tin. 

Nitro- muriatic acid. 


Ge 
Oxide or oxyd. 


xV 


Lead eombined with nitric acid. 

Lime combined with nitric acid. 

Magnefia combined with nitric acid. 

Manganefe combined with nitric 
acid. 

Mercury combined with nitric acid. 

Nickle combined with nitric acid. 

Pot-afh combined with nitric acid. 
Nitre or faltpetre. 

Silver combined with nitric acid, 

Tin combined with nitric acid. 

Zinc combined with nitric acid. 

Dephlogifticated nitrous acid. Co- 
lourlefs aqua-fortis or acid of 
nitre, in which the bafis or azo- 
tic part is fully faturated with 
oxygene. 

Combinations of the zitreus acid with 
different bafes. 

Phlogifticated nitrous acid. Red or 
{moking fpirit of nitre, in which 
the azotic bafis is not fully fatu- 
rated with oxygene. 

Salts, formed by the combination of 
the nitric and muriatic acids 
with different bafes, in which 
the nitric acid is in the greateft 
proportion, 

Antimony combined with nitric and 
muriatic acids. 

Bifmuth combined with nitric and 
muriatic acids. 

Gold combined with nitric and mu. 
tiatic acids, 

Platina combined with nitric and mu- 
riatic acids. 

Tin combined with nitric and muri- 
atic acids. 

A mixture of the nitric and muriatic 
acids; formerly called aqua 
regia. 


The combination of a metal with 
oxygene in a folid form, for- 
merly called Calx. 


Oxygene, 


XVI 


Oxygene. 


Oxygenated muri- 
atic acid. 


Oxygenated muri- 
atic acid gaz. 


m: 


Phofphates. 


hofphate of tin. 


Fot-ath. 

Prufiaa or Prufie 
acid. 

Pruffiates. 


Prufiate cf ammo- 
niac. 


Pruffiate of lime. 
Pruftiate of pot-ath, 
Pruffiate of foda. 
Pyroligneous acid. 


save ite 
Pyrolignites. 


Pyrolignite of iron. 


Soda. 
Subftantive caleur- 
ing matter. 


Sulphates. 


Sulphate of alu- 
mine. 


Sulphate of barytes. 


Sulphate of 


muth. 


EXPLANATIONS OF NEW TERMS, 


The bafis of pure or vital air. 


The 


. aérial acidifying principle. 


Muriatic acid, with an addition of 


oxygene; formerly called de- 
phlogifticated marine acid. 

The oxygenated muriatic acid com- 
bined with caloric, by which it 
is raifed into the form of an 
elaftic fluid, 


Salts formed by the combination of 
the phofphoric acid with differ- 
ent bafes. 

combined with phofphoric 
acid. 
Cauflic vegetable alkali. 
The acid of Pruffian blue. 


Tin 


Combinations of the Pruflic acid 
with different bafes, 

Ammoniac combined with Pruoffic 
acid, or colouring principle of 
Pruffian blue. 

Lime combined with Proffic acid. 

Pot-ath combined with Pruflic acid. 

Soda combined with Pruffic acid, 

The empyreumatic acid, obtained by 
diltijlatien from wood, &c. 

Combinations of the pyroligneous 
acid with different bafes. 

Iron combined with pyroligneous 
acid. 

Cauftic foffil alkali. 

Colouring matter which requires no 
bafis or mordant to give it luf- 
tre or permanency. 

Salts formed by the combination of 
the fulphuric acid with different 
bafes. 


Alumine conbined with fulphuric 


acid. Common alom. 
Barytes combined with fulphuric 
acid. 
Bifmeth combined with fulphuric 
acid. 


EXPLANATIONS OF NEW TERMS. xvii 


Sulphate of copper. 


Sulphate of indigo, 
Sulphate of iron. 


Sulphate of lime. 


Sulphate of mag- 
nefia. 
Sulphate of manga- 
nefe. 


Sulphate of pot-afh. 


Sulphate of tin. 

Sulphate of zinc. 

Sulphure or fulphu- 
ret of antimony. 


Sulphure of arfenic. 
Sulphure of pot-afh. 


te 


Tartaro-nitrates. 


Tartaro-nitrate of 
tin. 
Tartaro-ful phates, 


Tartaro-fulphate of 
tin. 
Tartrites. 


Tartrite of alu- 
mine. 
Tartrite of tin, 


Copper combined with fulphuric 
acid. Blue vitriol. 
Indigo combined with fulphuric acid. 
Iron combined with fulphuric acid. 
Green vitriol, or copperas, 
Lime combined with fulphuric acid. 
Selenite. 

Magnefia combined with falphuric 
acid. Epfom fale. 

Manganefe combined with fulphuric 
acid. 

Pot-afh combined with fulphuric 
acid. Vitrtolated tartar. 

Tin combined with fulphuric acid. 

Zinc combined with fulpharic acid. 

Combination of fulphur with anti- 
mony; formerly called crude 
antimony. 

Combination of fulpher with arfenic. 

Sulphur united to pot-afh; or liver 
of fulphur. 


Combinations of the tartareous and 
nitric acids with different bafes; 
the tartareous acid being in the 
greater proportion. 

Tin combined with the’ tartareous 
and nitric acids. 

Combinations of the tartareous and 
fulpburic acids with different 
bafes; the tartareous acid being 
in the greater proportion. 

Tin combined with the tartareous 
and fulphuric acids. 

Combinations of the tartareous acid 
with different bafes. 

Alumine combined wii! 
acid. 


Tin combined with tartareous acid. 
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NTRobucTion, refpecting the origin and progrefs of 
dying; and the means, authors, &c. by which it 
has been improved. 


CH Re Boe 
Of the Permanent Colours of Natural Bodies. 


Account of Sir Ifaac Newton’s difcoveries refpecting 
light and colours, p. ‘4. Euler’s notion of the 
propagation of light, 4; Refutation of fome 
Opinions contained in the Second Book of Sir 
Ifaac Newton’s Optics, concerning the changes, 
&c. of colours, 5~-10.. Mr. Delaval’s doétrine 
of the agreement between the fpecific gravi- 
ties of metals and their colours, when united to 
glafs, refuted ; and the permanent colours of bodies 
fhewn not to arife from their denfities; or the 
fizes of their particles, 10—27. The colours 
of bodies proved not to depend on their inflamma- 
bility, 27. The origin and changes of colours 
in moft cafes fhewn to depend on the application or 
combination of different airs or gazes; and particu- 
larly of oxygene in different proportions, 28—57. 
The influence of light in producing changes of 
colour, proved by experiments upon the nitric acid 
by itfelf; and alfo when applied to animal fub- 
ftances, 31. As well as upon muriate of filver, 
34. Nitrate of filver, 36. Nitrate of mer- 
cury, zisd. Upon arfenic and manganefe, 37; 

a2 and 
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and upon plants, as noticed by Ray, Bonnet, In- 
genhoutz, and Sennebier, 38—44. Alfo byits in- 
fluence on the human fkin, 44. On the nereis 
Jacuftris and other infects, 45. On the tree frog, 
and on filk, cotton, and white lead paints, 46. 
Ideas of the author refpecting the black: colour of 
charcoal, 48. The opinion of M. Berthollet, that 
the decays of vegetable and animal colouring mat- 
ters refult from effects fimilar to thofe of com- 
buftion, fhewn to be not always well founded, 49. 
Effects of oxygene on the colours of blood, indigo, 
&c. 52, 53. Colours of bodies depend on certain 
affinities or attractions, chymical or phyfical, by 
which they are difpofed to abforb or conceal fome 
of the rays of light, and to reflect or tranfmit othe: 


FayS, 57. 


CHAP. Ft, 


Of the Compofition and Struéiure of the Fibres of 
Wool, Silk, Cotton, Linen, Se. 


‘Fhe reafon explained why animal fubftances attract 
colouring matters more generally, and are more 
readily injured by acids, alkalies, and other che- 
mical agents, than vegetable fubftances, 58. Sir 
Wm. Petty’s account of fulling, 60. Mr. Monge’s 
account of felting and fulling, 61. Conformation 
of the fibres of wool, and elafticity thereof, ibid. 
Confequences of this elafticity in dying, 62. Na- 
tural colours of wool, 63. Introduction of filk 
into Europe, 64. Manner of freeing filk. of ‘its 
varnifh and yellow colour, 65. Nature of filk, 
66. An account of M. Ben’s difcovery of a new 
kind of filk, 67. Of the cotton plants, 68. Of 
the fibres of cotton, 69. M. le Pileur d’Apligny’s 
opinion, that the durability of colours dyed on ani- 
mal and vegetable fubftances depends on the fize 
of their pores, proved to be contrary to fact, 70. 


CHAP. 


CONTENTS. XXxi 


Crt ALP. oH 


Of the different Kinds and Properties of Colouring 
Matter employed in Dying, Callico Printing, &c. 


Colouring matter defined, 72, The diftribution of 
colouring matter in mineral, animal, and vegetable 
fubftances, explained, zbid. Peculiar chymical pro- 
perties of colouring matters, ilid. Opinions of Sir 
Ifaac Newton and Mr. Delaval refpecting coloured 
matters, 73. Of fimple and compound colours, 75. 
Of the attempts to arrange and clafs colouring 
matters, 77. Divifion of them ‘by the author 
into fubfiantive and adjediive, 78. 


Ce Fr tase: FS 
Of Subftantive Animal Colours. 
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HE Great Author of Nature having al- 
lotted aid employed colours, as means 
of diftinguifhing and adorning the various pro- 
duétions of his Pane wifdom, and goodnefs, 
has alfo endowed fome animals, and particularly 
man, notonly with perceptions of the differences 
of colours, but alfo of the beauty arifing from 
them and their various combinations: and it is 
in confequence of thefe perceptions that man- 
kind, even in the rudeft ftates of human exift- 
ence, have been found to manifeft great admira- 
tion and defire for ornaments depending on 
gaudy and varied colours ; which, at firft, naked 
avages generally applied to their fkins, and 
afterwards to their garments, when they had 
approached fo far towards civilization as to ma- 
nufacture and wear cloathing. To thefe mo- 
tives, and to the rude trials induced by them, 
even in remote ages, the arts of dying and cal- 
lico printing undoubtedly owe their origin. 


It will appear in the following chapters, that 
colouring matters are of two very diftinét claffes,; 
one which requires no bafis or mordant to fix it 
upon other objects, and which I have therefore 
denominated /ubfantive colouring matter; and 
the other, whofe durability depends chiefly, if 
not wholly, upon the interpofition of fome bafis, 
and 
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and which, for that reafon, I have called adajece 
tive colouring matter; and as, among colouring 
matters, thofe of the adjeéctive clafs would natu- 
rally prefent themfelves in the greateft abund- 
ance, and be applied without any means to ren- 
der them permanent, (becaufe it would require 
numerous. trials, and a concurrence of many 
fortunate accidents to difcover the ufe of any 
. bafis or mordant,) we may reafonably conclude, 
) that moft of the ftains or dyes firft applied to 
) different fubftances would in all countries have 
been fugitive. Such, according to Pliny, were 
: thofe of the Gauls*, and fuch have been the 
greateit part of thofe employed by the uncivil- 
ized inhabitants of all the newly-difcovered 
countries: and we may therefore confider the 
difcovery of the effects of bafes or mordants, and 
particularly of alum, in fixing adjeétive colour- 
ing matters, as a moft important event in the 
hiftory of dying. When or where this difcovery 
was firft made cannot be afcertained ; there is, 
however, good reafon to believe, that alum, 
and probably iron, (which are the principal bafes 
of modern callico printing,) were employed by 
the Egyptians in producing thofe effects which 
are defcribed by Pliny, L. xxxv. § 42; becaufe 


* «¢ Tranfalpina Gallia herbis Tyrium atgue conchilium tingit, 
omne/que alios colores—Sed culpa non ablui ufu.’’ Lib. xxii. § 3. 
This however was not always the ¢afe in other countries : 
Herodotus mentions a people living on the borders of the 
Cafpian fea, who by bruifing the leaves of a particular tree, 
and mixing them with water, obtained a colour by which they 
afterwards painted or ftained their garments with the figures 
of animals, &c. which figures, he adds, water could not 
efface ; on the contrary, they remained until the cloth was 
worn out, as if they had been woven therein. Book Cuio. 
C. Cy ill. 

they 
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they refemble others which callico printers now 
obtain by thefe means, and which at this time 
they cannot obtain by any other, even with all 
the knowledge fince acquired: and, in the feventh 
chapter of this volume, facts and reafons are ad- 
duced, to prove that the Egyptians borrowed 
this art from Hindoftan, where it appears to 
have fubfifted for more than two thoufand years, 
probably with very little if any variation’ or 
Improvement during that long fpace of time: 
and if we may judge of the means formerly em- 
ployed in Hindoftan for dying or ftaining cal- 
licoes by thofe which were found to be in ufe 
for that purpofe, when the nations of Europe 
firft went thither by the Cape of Good Hope, 
we may fafely conclude, that folutions of alum 
and of iron muft have been the mordants em- 
ployed in fixing their adjective colours. Hin- 
doftan appears alfo to have been the country 
where that wonderful fubftantive colouring mat- 
ter called indico, or indigo, was firft produced. 
The uncivilized inhabitants of other countries 
indeed have found out ways of obtaining fub- 
{tantive blue colouring matters, very nearly re- 
fembling that of indigo, from different plants, 
particularly from the ifatis tin€toria Linn., or woad, 
and from the genipa Americana Linn., but they 
obtained thefe matters in a liquid form only. 
The people of India however went farther; they 
precipitated and collected in a dry folid form the 
colouring matter of indigo, and, what muft have 
been a matter of much greater difficulty, they 
afterwards difcovered the means of diffolving it, 
and rendering it capable of being permanently 
fixed upon the fubftances intended to be ftained 
or dyed with it; an effect which the Greeks and 

b Romans 
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Romans do not appear to have ever produced, 
though they knew how to powder and apply 
indigo as a paint. 


From the fifth volume of that extenfive Work 
intituled, ‘* Memboires concernants |’ Hiftoire, les 
Sciences, les Arts, les Moeurs, &c. des Chinois,”’ 
it appears that wool was. never worn in China but 
asa fubfticute for fur, and that cotton and filk, be- 
ing the only fubftances ever dyed by the inha- 
bitants, received all their colours from vegeta 
ble tingent matters; that thefe colours were 
principally red, blue, violet, and what is called 
a woad colour; and that under the three firft 
dynafties, the bufinefs of dying was chiefly prac- 
tifed by the female part of each family, for its 
own particular ufe: and it probably continued 
to be practifed without any thing like principle 
or fcience until near the end of the feventh cen- 
tury, when the Chinefe, difcarding their own, 
borrowed the art and means of dying which were 
then in ufe among the Indians and Perfians : and 
it is faid, that alum and copperas, which the 
Chinefe did not ufe before, were among the 
means fo borrowed ; a faét which renders it pro-~ 
bable that there was little, if any thing, in the 
Chinefe art of dying, of which the lofs need 
now be regretted. 


It appears however that, long before this time, 

a knowledge of the ufes of alum and of iron in 
dying, had fpread from Hindoftan and Perfia 
weftward to Egypt, and thence to Greece and 
Rome. Bergmann indeed, (de Confect. Alum, ) 
and after him Beckmann, (in the Gottmgen 
Memoirs,) have reprefented the alum of the 
antients 
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antients as different from the cryftallized falt fo 
called by the moderns; and have fuppofed, that 
the varieties of alum mentioned by Diofcorides 
were ftalactites, containing but little alum, and 
confifting chiefly of calcareous earth, which, 
in certain proportions, will hereafter appear to 
be a very ufeful addition for moft of the colours 
depending on an aluminous bafis. Nature how- 
ever does produce fome, though but little cry- 
ftallized alum, particularly in Egypt and fome 
parts of Afia; and it probably was in this ftate 
that its good effects in dying had been firft ob- 
ferved, before mankind were led to the means 
and operations fince employed for feparating and 
collecting it from the various aluminous ores. 
Bergmann fays, that ‘ the factitious falt which 
<* ig now called alum, was firft difcovered in 
‘ the Eaftern countries;’’ and that ‘* among 
“© the moft early works eftablifhed for the pre- 
© paration of alum, we may juftly number that 
** of Roccho, acity in Syria, now called Edeffa: 
‘¢ hence the appellation of roch alum.” See vel. 
I. p. 339. of the. Enghth Tranflation of his 
re He adds, that ‘“ Bartholomew Perdix 
or Pernix, a merchant of Genoa, who had 
been at Roccho, difcovered the matrix of 
alum in the ifland of Ifchia, about the year 
1459, and eftablifhed a manufactory there ; 
‘cat the fame time John de Caftro, who had 
“¢ vifited the manufactories at Conftantinople, 
difcovered a matrix at Tolfa, by means of 
the ilex aquifolium, which he had alfo ob- 
ferved to grow in the adjacent mountains of 
«© Turkey, and his opinion was confirmed by 
“« the tafte of the ftones. The attempts made 
by the Genoefe at Viterbium and at Vola- 
b 2 terre 
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<< terre fucceeded extremely well; the. prepara- 
«© tion of it in Italy foon increafed wonderfully 
« faft, &c. The firft manufactory (of alum) 
«in England was eftablifhed in the reign of 
« Elizabeth at Gifborough, by one Thomas , 
Chaloner.” 


nw 
a“ 


It is now very difficult to afcertain the par- 
ticular adjective colouring matters, in the fixing 
of which, alum was ufed among the antients, 
by reafon of the imperfect defcriptions and 
means employed by them. to. characterife and 
diftinguifh the different objects of natural hif- 
tory. Some fpecies of madder however (and 
perhaps of galium) were undoubtedly ufed by 
the people of Hindoftan, Perfia, and Egypr, 
as well as by the Greeks and Romans; and the 
kermes infe€t was alfo employed by the latter for 
dying reds. I do not find any account of the 
particular means by which yellows were dyed 
among the antients ; but there mult have been 
many vegetables in all countries capable of pro. 
ducing that colour with alum. 


Of fubftantive colours ufed by the Greeks and 
Romans, the moft confiderable was the famous 
Tyrian purple, fuppofed to have been firft dif- 
covered by the Phenicians, and of which a very 
full account is given in the fourth chapter of 
this Work. 


But whatever knowledge the Greeks and Ro- 
mans had derived from others, or acquired by 
their own obfervations, appears to have been 
in a great degree loft about the fifth century 5 
when, as M. Berthollet has obferved, fcarce 
any 
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any traces of fcience, induftry, or humanity 
were left in what was then called the Weftern 
Empire; a little however did remain, and it 
was afterwards preferved in Italy, where the 
Venetians contrived to import many oriental 
productions and manufactures, “which, by af- 
fording new means, as well as new objects of 
imitation, coatributed greatly to revive the 
arts. 


According to M. Berthollet, the firft collec- 
tion of procefies ufed in dying was publifhed 
at Venice in 1429, under the name _ of 
Mariegola del’ Arte dé Tintori, of which another 
edition much improved appeared in 1510; and 
from this an individual named Giovanne Ven- 
tura Rofetti, who travelled into different parts 
of Italy and the neighbouring countries, to 
Jearn the methods and means employed in 
dying, compofed, and in 1548 publifhed a 
work under the title of Plictho del’Arte dei Tin- 
tori, &c. which has been fuppofed to have con- 
tributed more than any other to the improve- 
ments afterwards made inthat art. In this work 
however there is no mention of either indigo 
or cochineal, which M. Berthollet therefore 
concludes were not at that time employed by the 
Italian dyers. This appears to have been the 
work which, at a meeting of the Royal Society 
on the 30th of April 1662, Mr. Haak was de- 
fired to tranflate into the Englith language (fee 
Dr. Birch’s Hiftory). That learned body had, 
upon its firft inftitution, beftowed fome attention 
to the fubjeét of dying, and on the fame day 
Sir William Petty, one of its earlieft and moft 
active members, in confequence ef a previous 
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requeft from the Society, brought in ‘© An Ap- 
paratus to the Hiftory of the Common Practices 
of Dying,” which was afterwards printed in Dr. 
Spratt’s Hiftory of the Royal Society, and feems 
to have been the firft account publifhed in the 
Englifh language of the means and operations 
ufed by dyers. Nearly two years afterwards, 
viz. March 30, 1664, Mr. Boyle prefented to 
the Royal Society his ** Experiments and Confi- 
derations touching Colours ;”’ and, on the roth 
of Augutt following, it was ordered by the So- 
ciety “ that the way of fixing colours fhould be 
recommended to Mr. Howard, Mr. Boyle, and 
Dr. Merrit.” Thefe, and efpecially the two 
firft, were among the moft diftinguifhed mem- 
bers of the Society; but it does not appear that 
they were able to do any thing deferving of 
notice, in confequence of this recommendation. 
However, at a meeting of the Society on the 
11th November 1669, that very ingenious and 
ufeful member, ‘“* Mr. Hooke, produced a piece 
“© of callico ftained after the way contrived by 
«* himfelf, which he was defired to profecute in 
«© other colours befides thofe that appeared in 
«¢ this piece’ (Birch’s Hift. of the Royal 
Society, vol. ii. p. 401.): And accordingly, on 
the gth of the following month, “ Mr. Hooke 
‘© produced another fpecimen of ftaining with 
¢ yellow, red, green, blue, and purpie coiours, 
¢ which he faid would endure wafhing with 
«© warm water and foap.” But from this time 
it does not appear that any thing confiderable 
was done, for nearly the fpace of a century, by 
men of fcience in this kingdom, towards improv- 
ing the arts of dying and callico printing; they 
being probably difcouraged by the difficulties 
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which, from the very imperfect ftate of chymi- 
cal fcience, muft have occurred in every attempt 
to improve upon what the dyers were able to 
perform without any principle or theory. 


In France however the minifter Colbert, anx- 
ious to extend the commerce and manufactures 
of that country, turned his attention particularly 
to the art of dying, with a view to amend as 
well as to obviate frauds in the practice; and 
for thefe purpofes, an * Inftruction générale 
<* pour la Teinture des Laines & Manufactures 
“© de Laine de toutes Nuances, et pour la 
«* Culture des Drogues ou Ingrédients qu’on 
<* emploie,”’ was prepared under his immediate 
direction, and publifhed in 1672. This how- 
ever was not intended merely to inform, but as 
a legiflative act to control the dyers in their 
operations. It divided them into two clafles ; 
the one, dyers ‘‘ en grand,’ were confined to the 
colours deemed lating, while the dyers *‘* ez 
“¢ petit teint’? were allowed only to give thofe 
which were confidered as fugitive: and the drugs 
to be employed in each branch were alfo parti- 
cularly {pecified ; and the dyers in each prohi- 
bited from ufing or having in their poffeffion 
any of the drugs allotted tothe other. Reftraints 
of this kind, though intended to prevent frauds, 
mutt have operated as checks upon future im- 
provements, if the government had not en- 
couraged ufeful difcoveries in this art, firft by 
offering particular rewards, and afterwards by 
appointing thofe eminent chymifts, Dufay, Hel- 
lot, Macquer, and Berthollet, in fucceffion, to 
fuperintend and improve the arts conneéted with 
chymiftry, and more efpecially that of dying. 
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By Dufay’s affiftance M. Colbert’s * Inftruc- 
«© tion” was amended, or rather fuperfeded by a 
new one, publifhed under the adminiftration of 
M. d’Orry in 1737.. He (Dufay) appears to 
have been the firft who entertained juft concep- 
tions of one of the caufes of the adhefion of co- 
Jouring matters to ftuffs when dyed ; I mean that 
which depends on an affinity or attraction fub- 
fitting between fuch matters and the fibres or 
fubftances of the dyed ftuffs. He clearly per- 
ceived that, without this, cloth while in the dy- 
ing veffe] could only acquire a degree of colour 
equal to that of the dying liquor, by an equal 
participation of the colouring matter diffolved 
therein; whereas in fact the cloth is often feen 
to exhauft, by attracting to itfelf, all the tingent 
particles of the dying liquor, fo as to leave it 
as colourlefs as water. He alfo noticed the dif- 
ference in the degree of attraction, which dif- 
ferent fubftances, as wool and cotton, exert upon 
the fame colouring matters ; and which he found 
fo great, that a fain of each having been in an 
equal degree fubjected to the means and opera- 
tions commonly employed for dying fcarlet, the 
woollen yarn was found to be fully and perma- 
nently dyed of that colour, while the cotton re- 
tained all its former whitenefs*. He appears 
however to have had no conception of the other 
and more important caufe of the permanency of 
adjective colours, I mean that which arifes from 
the interpofition of a fuitable bafis poffeffing a 
particular attraction both for the coulouring 
matter and for the dyed fubftance, and thereby 


* Obfervations Phyfiques fur le Mélagne de quelques 
Couleurs dans Ja Teinture, Memoires de |’ Académie Re. &c. 
3737 
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acting as a bond of union betweeu them: nor did 
his fucceffor Hellot ever approach nearer to the 
truth on this fubjeét. He, (Hellot,) indeed, 
publifhed an excellent practical treatife on the 
art of dying wool and woollen cloths, in which 
the feveral proceffes were accurately defcribed : 
but in reafoning upon the faéts ftated therein, 
he adopted, and fuffered himfelf to be grofsly 
mifled by, a frivolous hypothefis, devoid of the 
eaft foundation in truth, He fancied that he 
could difcover, in every dying procefs, fome 
means by which fulphate of pot-afh (then called 
vitriolated tartar) might be formed; and this 
neutral falt not being readily foluble by cold 
water, nor by air or light, he conceived the whole 
art of dying to confift in firit dilating the pores 
of the fubftance to be dyed, fo as to procure a 
copious admiffion of colouring matter, divided 
by a fuictable preparation into atoms, and then 
wedging or faftening thefe atoms within the 
pores of the dyed fubftance, by the fmall parti- 
cles or cryftals of this difficulcly foluble neutral 
fal. Upon this mechanical hypothefis, he fup- 
pofed thac alum became ufeful in dying, not 
by the pure clay or alumine which it contains, 
and which alone contributes to fix any colouring 
matter, but by furnifhing (and only by furnifh- 
ing) fulphuric or vitriolic acid, to affift in forming 
the fulphate of pot-afh, which was to perform 
this important function of wedging or faftening 
the colouring atoms; though if he had brought 
this vifionary hypothefis to the teft of expe- 
riment, as might have been eafily done, he 
would have found not only that no fulphate of 
pot-afh exifted in many cafes where he fuppofed it 
to produce fuch important effects, but alfo that, 

even 
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even if intentionally formed and employed. for 
this purpofe, it poflefled no power whatever of 
fixing any colouring matter yet known. But 
though nothing could be more groundlefs than 
this theory, the learned in all countries appear to 
have been fatisfied with it for a confiderable length 
of time, it being always lefs troublefome to believe 
than to make experiments. ‘The late celebrated 
Macquer in a Memoir, printed among thofe of 
the Royal Academy of Sciences for 1749, men- 
tioning Hellot and his hypothefis, fays, ‘‘ ce 
«¢ favant chymifte eft le premier qui ait porté 
«< le flambeau de la phyfique dans I’art obfcur 
«¢ de la teinture, & qui ait raflemblé et mis en 
<* ordre, fuivant les principles d’une théorie in- 
« genieufe, les phénomenes et les opérations 
«« bizarres de cet art: il a mis les chymiftes a 
<¢ portée de voir clair dans ce cahos ténébreux.”’ 
And afterwards, inthe preface to an excellent Prac- 
tical Treatife on Dying Silk, publifhed in 1763, 
he makes this ebfervation, ‘* ce fcroit ici le lieu 
<< d’expliquer la maniere dont les mordants agif- 
«© fent dans la teinture, et de développer la caufe 
<< du bon et du faux teint; mais ces objets out été 
«¢ traités avec tant de fagacité par M. Hellor, que 
“* je crois devoir y renvoyer le lecteur ;”’ and even 
fo lately as the year 1766, in an eulogium pro- 
nounced upon Hellot in the Royal Academy of 
Sciences after his deceafe, and publifhed with the 
mémoires for that year; the fecretary, after ex- 
plaining Hellot’s hypothefis, fays, ‘‘ 4 l’aide de 
«cette théorie fi lumineufe, on ne fera plus 
«¢ trompé dans la pratique de cet art, que lors 
** gu’on voudra bien l’etre,” 


Mr. Henry of Manchefter has truly obferved, 
that « Mr. Keir, the ingenious tranflator of 
«© Macquer’s 
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«¢ Macquer’s Chymical Dictionary, appears to 
«; have been the firft who fufpected that (in 
«© dying) the earth of alum was precipitated, and 
«¢ in this form attached to the material prepared 
« or dyed;” and this idea, having been pub- 
lifhed, was adopted by Mr. Macquer, and farther 
extended in the laft edition of his “‘ DiGtionnaire 
de Chymie,” at the article “ Teinture,” where he 
feems to have formed juft conceptions of the 
nature and ufes of alum, and of different metallic 
folutions, as mordants, in dying. This edition 
was publifhed in the year 1778, and Mr. Mac- 
quer foon after announced a defign of writing a 
general treatife on the art of dying, which his 
death however fruftrated. Some time after 
M. Macquer’s deceafe, the ingenious Mr. Henry 
of Manchefter favoured the public with a 
very interefting paper, (in the 3d volume of the 
Memoirs of the Manchefter Society,} ‘On the 
«* Nature of Wool, Silk, and Cotton, as Objects 
of the Art of Dying; on the various Prepa- 
rations and Mordants requifite for thefe dif- 
ferent Subftances; and on the Nature and 
Properties of Colouring Matter, &c.” a paper 
replete with ufeful information and ingenious 
ideas, (particularly refpecting the caufes of the 
durability of what is called the Turkey red,) and 
which defervedly reflects great credit on the au- 
thor’s talents and acquirements. And in the year 
1791, that moft excellent chymift M. Berthol- 
Jet, who had been appointed by the government 
of France to fucceed M. Macquer in fuperin- 
tending the arts connected with chymiftry, and 
particularly dying, publifhed a work of great 
merit, under the title of * Elémens de |’Art de 
Ja Teinture,” intwo volumes, which has fince been 
tranflated into Englifh by Dr. Hamilton. 


Before 
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Before the publication of Mr. Berthollet’s 

work, I had colle€ted moft of the materials for 
this undertaking; and, though he has antici- 
pated many things which I was prepared to men- 
tion, (fome of which I fhall notwithftanding 
mention in my own way,) this production af- 
forded me great pleafure as well as profit; be- 
caufe the author’s fuperior chymical knowledge 
has enabled him to take juft views of many in- 
tricate parts of his fubjed and to reafom with 
{i folidity, as well. as Pre upon the operations 
of dying in general, probably without having 
had leifure to do much exp erimentally opwards 
their improvement. He has moreover enabled 
me to abridge my own work, by referring to 
his, for more ample infor righ on upap feveral 
topics, particularly thofe of fucl, the different 
acids, alum, the fulphates of iron, copper, and 
zinc; verdigrife, acetite of lead, the different 
alkalies, foap, fulph: urs arfenic and water, of all 
which he has treated fo ab oly and fully as to le save 
but very little for me to add refpecting any of 
them. 
But though I have been preceded by authors 
of fuch diftinguifhed ability as Mr. Henry and 
M. Berthollet, the new faéts and obfervations 
which I have to offer my readers will fhew that 
I did not find the fubject exhaufted: And indeed 
it is fo fer inexhauttible that it probably will 
afford ample employment for the greateft talents 
and induftry during many g generations. 


In juftice to that very refpectable chymift Mr. 
Chaptal, I ought to mention that his excellent 
work intituled, ‘< Flemens de Chimie,” and 
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publifhed in the year 1790, (in three volumes,) 
contains many ingenious faéts and obfervations 
relating to the caufes of the production and 
changes of colours, as well as to feveral other 
jubjects connected with dying. Some other 
works deferving of notice have ° alfo within a few 
years bees publifhed on this fubject, particularly 
that of Scheffer with notes by the celebrated Berg- 
roann; another by Poerner, which has been 
tranflated into French from the German, and 
publifhed with notes is Defmarets and Ber- 
thollet; and a third: by Dambourney; but nei- 
ther of thefe has done much towards i improving 
the theory of dying. That of Poerner con- 
tains an account of many experiments made by 
the author with different dying drugs; but un- 
fortunately his reafonings upon them, and upon 
every part of the fubject, are highly defective. 
Dambourney (a refpectable sneaioenen? was Bat 
feffed of no chymical fcience, and he has done 
little more than give an account of the trials 
which he made with a confiderable number of 
vegetable matters ; few of which are likely to be 
ever much, if in any degree, employed by 
dyers, 


Of the introduétion of callico printing into 
Europe, and its progrefs, my readers will find an 
account in the feventh chapter of this volume. 


Eminent Writers have derived the arts of 
dying and callico printing from a confiderable 
degree of perfection, which t they fuppofe chy- 
miitry to have fomewhere attained in remote 
ages, though afterwards loft; and they imagine 
that particular p procefles of “the art were ‘preferved 
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after the principles on which it was founded 
had been forgotten *: I am not able however to 
perceive any ‘fufficient ground for thefe opinions. 
In faét, there is no good reafon to believe, that 
chymiftry ever had made any fuch progrefs 
among the antients, or that they ever were fo 
much . engaged in the purfuit of knowledge by 
experiment, as would have been neceffary for the 
acquifition of but'a moderate portion of chymical 
fcience +. Even the operations of callico print- 
ing, as practifed by the people of India, and 
which above all others have been confidered as 
the refult of an improved ftate of chymiftry, 
are in many refpects highly inconvenient, and 
incumbered with ufelefs parts which a little 
chymical knowledge would have taught them to 
reject, as indeed they were rejected by the 
people of Europe very foon after callico printing 
began to be practifed here, though it began and 
was continued for fome time with little or no 
aid from chymical fcience. And confidering 
how far many of the operations of dying and 
callico printing have been carried towards per- 
fection, unaffifted by principles, we may fay of 
this art, or until very lately might have faid 
what Lord Bacon fays of mufic, that “ the 
practice has been well purfued and in-good va- 
riety, but the theory weakly; efpecially as to 
affigning the caufes of the practice.” Bacon’s 
Works, by Mallet, vol. III. p. 29. 


* See Mr. Henry’s paper in the third volume: of the 
Memoirs of the Manchefter Society. Alfo Hift. & Me- 
moires de |’Acad. R. des Sciences, &c. 1750, and 1766, 

+ Pliny obferves, that dying had never been confidered 
-as a liberal art; and he alleges this, as an excufe for not 
giving a rationale of it. Lib. xxii. § 3. But it was a 
mere excufe, becaufe no degree of fcience then in the 
world could have enabled him to do fo. 

But 
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But notwith{tanding the obfervations of many 
individuals occupied ‘with the means and opera- 
tions of dying, through a long fucceffion of ages 
in different countries, joined to very important 
accidental difcoveries occurring from time to 
time, have produced great improvements in 
this art, with but lictle help from theory, we are 
not to infer that a knowledge of its true princi- 
ples, and of the caufes which operate in produ- 
cing its various effects, will not prove ufeful in 
the higheft degree: for ‘ though (as Mr. 

Henry has well obferved) long experience 
«© may eftablifh a number of facts, yet, if the 
‘© rationale of the manner by which they are 
‘© produced be not underftood, mifapplications 
« are liable to be made; fimilar practices are 
« purfued where the cafes differ effentially ; and 
<¢ improvements are attempted at hazard, and 
‘© often on falfe principles.” And in confirma+ 
tion of thefe truths, perhaps | cannot better 
conclude this Introduction, than by adding the 
following quotation from the Hiltory and Me- 
moirs of the Royal Academy of Sciences at 
Paris, for the year 1761, vz. 


“<< Ta defcription des arts, faite avec une 
exaltitude celairée, deponillée de toutes les 
pratiques inutiles que Vignorancé tousjours 
myfterieufe y accumule fans ceffe, € reduite 
aux principes conftans de la faine th 1eorle, eft 
peutetre le moyen le plus propre a bater leu; 
perfection, et a rendre plus abondantes ces 
fources de biens & de commodites, que 
Petre fupreme a voulu que les hommes 
duffent a leur travail, et a leur induftrie.’ 


Ex pe- 


Experimental Refearches 


CONCERNING THE PHILOSOPHY OF 


PERMANENT COLOURS, 


AND THE 


Beft-Means of producing them, by Dyinc, 
CALLIco PRINTING, &ce. 


Owe Bs 
Of the permanent Colours of Natural Bodies: 


«© Ceux qui exigent qu’on leur donne la raifon 
«* d’un effet general, ne connoiffent, ni l’etendue 
*« de la nature, mii les limites de l’efprit humain.’? 

M. pve Burron, 


HE fubject of this chapter was covered 

with almoft total darknefs, until the im- 

mortal Newton threw light upon it, by 
diffecting, if I may fo exprefs myfelf, the matter 
of light itfelf. By his Experiments we have 
been taught, that “ the light of the fun con- 
fifts of rays differently refrangible ;” and that, 
when feparated by the prifm, in confequence of 
their different degrees of refrangibility, they 
afford all the various fhades of colour, running 
gradually into each other, according to their 
particular degrees of refrangibility; the violet 
being 
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being moft refracted; the indigo next; then 
the blue, green, yellow, orange, and red, 
which, of all others, 4s the leaft refraéted; that 
the fame rays alfo differ in degrees of reflexibi- 
lity, according to their degrees of refrangibility. 


That the proper colour of homogeneal light, 
depending on its particular degrees of refrangi- 
bility, cannot be changed by reflections or re- 
fractions; and “ if the fun’s hght confifted of 
but one fort of rays, there would be but one 
colour in the whole world,” nor the poffibility 
of producing any new colour by reflections and 
refractions ; and therefore, “ that the variety of 
colours depends. upon the compofition of light.” 


That ‘ colours, ix am objec, are nothing 
but a difpofition to reflec this or that fort of 
rays, more copioufly than the reft im the rays, 
they are nothing but their difpofitions to propa- 
gate this or that motion into the fenforium ; and 
in the fenforium, they are fenfations of thofe mo- 
tions, under the forms of colours.” 


That ‘ colours may. be produced by compo- 
fition, which fhall be like to the colours of ho- 
mogeneal light as to the appearance. of colour, 
but net as to the immutability of colour and 
conftitution of light; and thofe colours, by how 
much they are more compounded, by fo much 
are they lefs full and intenfe; and by too much 
compofition they may be diluted and weakened, 
till they ceafe, and the mixture becomes grey. 
There may be alfo colours produced by com- 
pofition, which are not fully like any of the co- 


lours of homogeneal light.” ‘* For a mixture 
of 
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of homogeneal red and yellow compounds an 
orange, like, in appearance of colour, to that 
orange which, in the feries of unmixed prifmatic 
colours, lies between them; but the light of one 
orange is homogeneal as to the refrangibility, and 
that of the other is heterogeneal ; and the colour 
of the one, if viewed through a prifm, remains 
unchanged ; that of the other is changed, and 
refolved into its component colours, red and 
yellow. And after the fame manner other neigh- 
bouring homogeneal colours may compound 
new colours, &c.”’ And if to a colour fo com- 
pounded other colours be added in fufficient 
quantities, they will gradually overcome the 
firft, and produce “ whitenefs, or fome other 
colour.” ‘ So if. to the colour of any homo- 
geneal light, the fun’s white light, compofed of 
all forts of rays, be added, that colour will not 
vanifh or change its fpecies, but be diluted ; and 
by adding more and more white, it will be di- 
luted more and more perpetually.” <‘* Laftly, 
if red and violet be mingled, there will be gene- 
rated, according to their various proportions, 
various purples, fuch as are not like, in appear- 
ance, to the colour of any homogeneal light ; 
and of thefe purples, mixed with yellow and 
blue, may be made other newcolours.” ‘* That 
whitenefs, and all grey colours between white 
and black, may be compounded of colours, and 
the whitenefs of the fun’s light, is compounded 
of all the primary colours mixed in due. pro- 
portion.” To illuftrate this, he produced white- 
ne/s, firtt by a mixture of the prifmatic colours, 
and then by mixtures of differently coloured 
fubftances, in due proportions, 
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Fach particular colour being therefore a pro- 
perty of that particular fort of ray which pro- 
duces the perception thereof, Sir Haac Newton 
concludes, that the permanent colours of natu- 
ral bodies arife from hence, that fome of them 
«< reflect fome forts of rays, others other forts, 
more copioufly than the reft.” ‘* Minium re- 
fiects the leaft refrangible, or red making rays 
moft copioufly, and thence appears red. Violets 
reflect the moft refrangible moft copioufly, and 
thence have their colour, and fo of other bo- 
dies ;” and ‘* whilft bodies become coloured, by 
reflecting or tranfmitting this or that fort of rays 
more copioufly than the reft, it is to be con- 
ceived that they ftop and ftifle in themfelves the 
rays which they do not reflect.” 


Sir I{faac Newton’s demonftrations and illuftra- 
tions of this doctrine may be feen at large in the 


Jirft Book of his Optics, to which I beg leave to 


refer, without prefuming to offer the fmalleft 
objection thereto. The celebrated Euler has, 
indeed, conceived light to be propagated like 
found, by a vibrating motion, and that the dif- 
ferent degrees of velocity, or frequency with 
which thefe. motions or vibrations fucceffively 
reach the organs of vifion, occafion the fenfa- 
tions or perceptions of the different colours, as 
thofe of air occafion the differences of found, and 
that colours are to the fight, what founds are to 
the organs of hearing. But this analogy, though 
it may ferve to illuftrate, will not prove the 
truth of his opinion; and as he does not offer 
any other fatisfactory proof of it, or any means 
to overcome the difficulties with which it is at- 
tended, I fhall thus far adhere to Sir Ifaac New- 
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ton’s doctrine. His /econd Book, however, 
appears to contain matter which is liable to con- 
fiderable objection. He begins it with « Ob- 
fervations concerning the reRections refractions, 
and colours of thin tranfparent bodies ;” and 
mentions what had been obferved by others, 
«¢ that tranfparent fubftances, as glafs, water, 
air, &c. when made very thin by being blown 
into bubbles, or otherwife formed into plates, 
do exhibit various colours, according to their 
various thinnefs; although at a greater thick- 
nefs they appear very clear and colourlefs.” ine 
though he confiders thefe colours as ‘ of @ mo 
difficult confideration,” yet as ** they may con- 
duce to farther difcoveries for completing the 
theory of light, e/pecially as to the conftitution of 
the parts of natural bodies, on which their co- 
lours or tranfparency depend,” he delivers his 
own obfervations on this fubject: Of thefe, the 
principal was made, by taking ‘* two object 
olaffes, the one a planoconvex, for a fourteen 
foot telefcope, and the other a large double 
convex, for one of about fifty foot ; ‘and upon 
this, laying the other with its plane fide down- 
wards, I preffed them flowly together, fays he, 
to make the colours fucceffively emerge in the 
middle of the circles, and then flowly lifted the 
upper glafs from the lower, to make them fuc- 
ceffively vanifh again in the fame place. The 
colour which, by prefling the glafies together, 
emerged laft, in the middle of the other colours 
would, upon its firft appearance, look like a 
circle a a colour, almoft uniform from the cir- 
cumference to the center; and by comprefiing 
the glaffes ftill more, grow continually broader, 
until a new colour emerged in its center, and 
Big thereby 
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thereby it became a ring, encompaffing thar 
new colour ; and by comprefiing the glaffes fill 
more, the diameter of this ring would éncreafe, 
and the breadth of its orbit, or perimeter, de- 
creafe, until another new colour emerged in the 
center of the laft; and fo on, until a third, a 
fourth, a fifth, and other following new colours 
fucceffively emerged there, and became rings, 
encompafiing the i innermoft colour ; the laft of 
which was the black {pot: Andon the contrary, 
by lifting up the upper glafs from the lower, the 
diameter of the rings would decreafe, and the 
breadth of their orbit increafe, until their co- 
lours reached fucceffively to the center; and 
then they being of a confiderable breadth, 1} 
could more eafily difcern and diftinguifh their 
fpecies than before.” And thefe he found to be 
in fucceffion from the black central fpot as fol- 
lows, viz. firft, blue, white, yellow, and red; 
then in the next circuit or ower immediately 
encompaffing thefe, were violet, blue, green, 
yellow, and red; in the third circuit or order 
were purple, blue, green, yellow, and red; 

after this fucceeded in the fourth circuit green 
and red; then the fifth of greenifh blue and 
red; next, the fixth, of oreenith blue and pale 
red; wr? wart the feventh, of greenifh blue 
and reddifh white; but the colours in the laft 
three circuits he defcribes as having been very 
indiftinét, and ending in perfect whitenefs. 


** By looking through the two object glaffes,” 
continues he, ce I found that the interjacent air 
exhibited rings of colours, as well by tranfmit- 
ting light, as by reflecting it. The central fpot 
was now white, and from it the orders of the 
colours 
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colours were yellowifh red; black, violet, blue, 
white, yellow red; violet, blue, green, yellow, 
red, &c. But thefe colours were very faint and 
dilute, unlefs when the light was trajeéted very 
obliquely through the glaffes. Comparing the 
coloured rings made by reflexion, with thofe 
made by the tranfmiffion of light, I found,” 
adds he, <‘ that white was oppofite to black, 
red to blue, yellow to violet, &c.”” And as rings 
of fimilar colours were obferved in bubbles, 
<¢ blown with water, firft made tenacious by 
diffolving a little foap in it,” Sir Ifaac Newton 
endeavoured mathematically to afcertain the 
different comparative thicknefles of air, water, 
and glafs, at which the feveral circuits or orders 
of colours appeared as before mentioned, which 
he has noted in a table prepared for that pur- 
pofe, and from which this remarkable faét ap- 
pears, that fimilar colours in the different orders 
occur, and are repeated over and over again 
at very great diverfities of thickne/s; a circum- 
ftance which, in my humble opinion, proves iz- 
contefibly, that though ¢bickne/s might de one, it 
could not be, as he Juppofes, the only caufe of thefe 
repeated variations of colour’. And, indeed, 
they are obvioufly to be explained, in the fame 
way as the colours of the prifm, the rainbow, 


* Sir Ifaac Newton feems to have forefeen this objection 
to his hypothefis, and to have endeavoured to obviate it, by 
fuppofing the exiftence of what he denominated different 
orders of colours ; in each of which it was conceived that 
the red, orange, yellow, &c. required for their produc- 
tion very different thickneffes from thofe which produced 
the fame colours in the other orders: this, however, was 
but a fuppofition, improbable in itfelf, and repugnant to a 
multitude of faéts, which will be mentioned in the courfe of 
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éc. and ought not to have been employed to- 
wards explaining the caules of permanent colours 
in different fubftances; or the changes which 
inay. be produced in them, by various compofi- 
ions and decompofitions ; thefe being chymical 

effecis, and dependent upon chymical principles. 
It was, however, at that period, the fafhion to 
afcribe even chymical effects to mechanical caufes: 
alkalies were fuppofed to neutralize acids, as the 
blade of a fword is fheathed by its feabbard ; and 
the moft learned phyfician of his age, foon after, 
thought it proper to write a Mechanical Ae- 
count of Poifons. We are not, therefore, ta 
wonder, that Newton himfelf fhould have been 
mifled on. this fubjeét, fince the whole amount 
of chymical knowledge in his time, had he pof- 
feffed it, would, like an ignis fatuus, have only 
ferved to light him aftray; as in truth it feéms, 
in fome degree, to have done; for, after ftating 
as a propofition, that ‘‘ the tranfparent parts of 
bodies, according to their feveral fizes, reflect 
rays of one colour, and tranfmit thofe of another, 
on the fame grounds that thin plates or bubbles 
do reflect thofe rays,” he goes on to mention, 
‘< that, by mixing divers liquors, very odd and 
remarkable productions, and changes of colours 
may be effected; of which no caufe can be more 
obvious and rational, than that the faline cor- 
putcies of one liquor do varioufly aét upon, and 
unite with, the tinging corpufcles of another, /o 
as to make them fwell or feorink (whereby not 
only their bulk, bur their denfity alfo, may be 
changed), or to divide them into {maller cor- 
puicles (whereby a coloured liquor may become 
tranfparent), or to make many of them affociate 
into one clufter, whereby two tranfparent liquors 
may 
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may compofe a coloured one:” and laying it 
down as a propofition, that ‘ the dzgne/s of the 
component parts of natural bodies may be con- 
jectured by their colours,” he endeavours, 
among other things, to explain why the fyrup 
of violets, ‘* by acid liquors, turns red, and, by 
urinous and alkalizate, turns green;” and for 
this purpofe, he fuppofes, that “ it is the nature 
of acids to diffolve or attenuate, and of alcalies 
to precipitate or incraffate;” a fuppofition which, 
as acids and alcalies are chymical agents”, is not 
true of either of them, ‘in the fenfe in which Sir 
Ifaac Newton appears to have underftood it; 
though, in another fenfe, it is partly true and 
partly falfe of both; fince both are capable of 
diffolving a great variety of fubftances, and when 
a fubftance is diffolved by either of them, it will 

soft commonly be decompofed and precipitated 
by the other: but certainly the effect of coagu- 
lating, or incraftating, which he afcribes to 
allkalics, is much more frequently produced by 
acids; though nothing like it is produced by 
either, in any of the changes of colour, which 
they occafion to the fyrup of violets. Itmuft be 
alfo obferved, that Sir Lfaac Newton has himfelf 
admitted, that what he calls “ fat, fulphureous, 
unctuous bodies,” poflefs refractive powers 
‘© two or three times greater, in refpect of their 
denfities, than the refractive powers of other fub- 


2 When acids ¢* diffolve or attenuate,’? it is by combin- 
ing and forming a new compound with the matter fo dif- 
folved or attenuated; and when alkalies ‘‘ precipitate or 
incraflate,’’ they always produce new compofitions and de- 
compofitions ; changes which are totally foreign to thofe 
mechanical effeéts by which Sir Ifaac Newton intended to 
explain the changes of colour in queftion, 

{tances 
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ftances in refpect of their’s ;’” an admiffion which 
feems incompatible with the conclufion which 
he almoft immediately after draws, ‘* that no- 
thing more is requifite for producing all the 
colours of natural bodies, than the feveral fizes 
and denfities of their parts.” 


Inthe year 1765, Mr. Edward Huffey De- 
laval, F.R.S. communicated fome ‘* Experi- 
ments and Obfervations on the agreement be- 
tween the fpecific gravities of the feveral metals, 
and their colours, when ‘united to glafs, as well 
as of their other preparations,” ina letter to the 
Earl of Morton, then prefident of the Royal So- 
ciety: a communication for which the Society 
beftowed on him the annual gold medal provided 
by Sir Godfrey Copley. And though Mr. 
Delaval. in this communication, ‘ treats of the 
difference of denfity and the colours produced by 
that caufe,” he, notwithftanding, confiders thefe 
as connected with ‘ the colours arifing from a 
difference of the fize of the colouring particles ;” 
fince, “ by feparating the particles of a coloured 
fubftance, they are removed to a greater dif- 
tance from each other, fo as to occupy more 
fpace,”” and, therefore, the fubftance fo affected 
« muft undergo a diminution of its /pecifie gra- 
vity, at the fame time that the fize of its particles 
is leffened.” And as Sir Ifaac Newton had in- 
ferred, that the refractive and reflective powers 
of bodies were nearly proportional to their den- 
fities, and that the leaft refrangible rays require 
the greateft power to reflec them, Mr. Dela- 
val conceived, ‘¢ that denfer fubftances ought, 
by their greater reflective power, in hike circum- 
ftances, to refleét the lefs refrangtble rays; and 

that 
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that fubftances of lefs denfity, fhould reflect 
rays proportionably more refrangible, and there- 
by appear of feveral colours, in the order of 
their denfity.”” And, in fupport of this opinion, 
he undertook to “ give inftances of natural 
bodies, which differ from each other in denfity, 
though circumftanced alike in other refpetts ;” 
and alfo differ ** in colour in the fame order as 
they do in denfity; the denfeft being red, the 
next in denfity orange, yellow, &c.” 


«Jn fuch an inquiry,” fays he, € metallic 
bodies feem to demand our firft and principal 
attention, as their fpecific gravities have been 
afcertained by well-known and repeated experi- 
ments.” Mr. Delaval, however, muft doubt- 
lefs have perceived, that metals, in their pure 
fimple forms, could not fuit his purpofe of fup- 
porting and extending the doctrine of Sir Ifaac 
Newton in this refpect; fince platina, which is 
much the heavieft of all metals, and of all known 
fubftances, inftead of being the mof red, as 
upon this hypothefis it ought to have been, is 
white, like tin, the lighteft of metals; and 
gold, the heavieft of metals after platina, is 
much farther removed from the red colour than 
copper, which is fo much lighter. And this 
is alfo the cafe of quickfilver, lead, &c. To 
obviate fo formidable a difficulty, he thought it 
expedient to premife, that, ‘* as the inflam- 
mable matter in the intire metals, a‘ts ftrongly 
on the rays of light, it is neceffary to calcine, 
or divide them into extremely minute particles, 
in order to examine feparately the action of the 
calx, or fixed marter, on the rays of light.” 
But here, at the very threfhold, Mr, Delaval is 

forced 
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forced to fuppofe the prefence of what he calls 
inflammable matter, aéting strongly on the rays 
of light, and thus producing or changing co- 
ours, by properties very different from thole of 
denfity, and fize or thicknefs of particles. I 
might here deny, as, in truth, I am very far 
from believing, the exiftence of any {uch matter 
in metals, which, according to the new and pre- 
vailing chymical doctrine, are fimple fubftances, 
uncombined with any thing like what is here 
fuppofed. Admitting however, for the fake of 
argument, that phlogifton, or inflammable 
matter, does exift in metals; it muft be recol- 
Jected, that their calcination is not a mere ab- 
ftraction thereof, fince there is no fact in chy- 
miftry better afcertained, or more univerfally 
admitted, than that every metal in its calcina- 
tion unites, with a confiderable portion of vital 
air, or its bafis, the oxygene* of the modern 
chymifts, and which (only by variations in the 
proportions) is capable of producing, with Pastis 

cular 


3 By oxygene is meant that fubftance which, combined 
with and. rendered elaitic by heat, or by heat and light, 
conftitutes vital air; or what Dr. Prieftley terms dephlogif- 
ticated air (firft difcovered by him in Auguft 1774), the 
only fluid fuited for refpiration; the pabulum vite, without 
which the more perfect animals cannot live, even for a few 
minutes. But as the fimulant or exhilarating effects of this 
(vital) air would excite, and wear out, the powers of life 
too much and too rapidly, if it were infpired without mix- 
ture, the wife Author of Nature has prefented it to us 
diluted with about three times as much of a different air 
not refpirable by itfelf, and which, from that circumttance, 
is now denominated azote. Thefe two airs, with a very 
{mall portion of carbonic acid gas, or fixed air, and fome 
few accidental or extraneous matters, compofe our common 
atmofpheric air. The oxygene, combined with the azote, 
conititutes, according to their different proportions, either 

the 
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cular metals (and with other fubftances), all the 
poffible variations of colour. Of this however 
Mr. Delaval takes no account: indeed, when 
treating of the colours of Mercury, he expre/sly 
fays, “ | have not entered into the confideration 
of the air, which unites with mercurial colours 
during their expofure to fire; becaufe it does 
not relate to the greater or lefs divifion of their 
particles, which is the immediate fubject of my 
inquiry.” So that, by his own ftatement, he 
has overlooked (becaufe it did not fuit his 
hypothefis) the only thing worthy of notice on 
this fubjeét; fince the oxyds or calces of Mer- 
cury indifputably receive a variety of colours 
from nothing but additions, greater or {maller, 
of that air which he profeffes to have difregard- 
ed; and which having, as he declares, no rela- 
tion to the greater or lefs divifion of their par- 
ticles, evidently proves, that the various co- 
lours affumed by thetfe calces, under the circum- 
ftances in queftion, do not refult from any fuch 
divifion of their particles. 


But though Mr. Delaval inculcates the ne- 
ceflity of calcining metals, ‘* in order to exa- 
mine feparately the action of their oxyds, or 
fixed matter, on the rays of light,” he does not 


the nitrous or nitric acid; the fame oxygene united to ful- 
phur by combuttion, produces either fulphureous or fulphu- 
ric (vitriolic) acid; and, with other bates, it feems to pro- 
duce molt, if not all, of the other acids. With pure char- 
coal (carbone) it produces carbonic acid (or fixed air), and 
with inflammable air (hydrogene) it feems now certain that 
it produces water. This explanation may be ufeful to fuch 
readers as do not happen to be acquainted with the more 
modern chymittry. 
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adduce the colours which they affume when fo 
calcined, as any evidence of the truth of his 
hypothefis; and indeed he muft have perceived 
them to be abfolutely incompatible with ir, 
fince the fame oxyd, by different degrees of 
calcination, exhibits very great diverfities of 
colour. And therefore that he might obtain 
from feveral of the metals fuch colours as fuited 
his purpofe, he continued to melt them with 
what he was pleafed to think “ a proper quan- 
iy of the pureft glafs,” and as they, when more 
Jefs calcined, and melted or united with a 
pantheon or lefs portion of glafs, are capable each 
of giving feveral, and fome of. giving all the 
colours, it could not be difficult for him to find 
out, and affign to each metal, as its proper colour, 
that which it ought to have, upon his fuppofition 
that the colours of metals depended on their 
refpective denfities. Thus, for example, iron 
highly calcined, or combined with a large por- 
tion of the bafis of vital air, (oxygene,;) gives a 
red colour to melted glafs; and if the glafs be 
continued in fufion, the oxygene will by degrees 
be feparated, and in proportion to its feparation, 
the colour of the glafs will change to orange, 
yellow, green, blue, and white. And as blue 
is the colour which fuits Mr. Delaval’s purpofe, 
he felects and affigns it as the proper colour 
of iron, and the degree of heat producing it, as 
the proper one for manifefting the true colours 
of metals; though in fact he took no means to 
afcertain what this degree of heat really was; 
and the effeét, or blue colour, would require 
very different degrees, according to the greater 
or leis degree of calcination which the calx of 
iron had previoufly undergone, or, in other 
I words, 
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words, according to the quantity of oxygene 
combined with it. 


Where every thing ts in this way affumed or 
fuppofed at pleafure, not only without evidence 
or probability, but often again{t both, it muft 
have been eafy for Mr. Delaval to prop up an 
hypothefis which has no foundation in truth. I 
have now before me a pile of facts and obferva- 
tions refpecting the almoft infinite variety of 
colours which different metals affume in differ- 
ent ftates and circumiftances, and which I had 
arranged for the purpofe of fhewing more parti- 
cularly the fallacy of every thing alleged on this 
fubject by Mr, Delaval; but I am conftrained 
to lay them afide, from a conviction, that if I 
were now to employ them for this purpofe, 
there. are few, if any, who would have patience 
enough to read a flatement of them. 


Mr. Delaval has quoted, from Glauber’s 
Profperity of Germany (tranflated by Packe, 
1689), fome curious obfervations refpecting the 
great and furprifing variety of colours produced 
by manganefe; and he adds, as from his own 
knowledge, that “ amongft the mineral fub- 
{tances none affords a greater variety of bright 
colours, efpecially when it is fufed with nitre, 
or a fixed alkali:” of thefe he inftances a yel- 
low, produced by diffolving manganefe in a 
weak {pirit, together with a green, blue, purple, 
and red, produced by water poured on it; in 
the firft inftance cold, and in the others warm, 
then warmer, hot, and boiling; all which co- 
lours he afcribes to different degrees of folution, 

or 
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er attenuation, of the particles of manganefe; 
But in truth this and other metallic calces or 
oxyds, had he properly attended to their various 
changes of colour, might have fhewn him both 
the fallacy of his own hypothefis, and the road 
toabetter. Manganefe is the oxyd or calx of a 
metal which has fo ftrone an attraction for the 
bafis of vital air, that one of the moft excellent 
of all chymifts, Berthollet, fays, we may fafely 
confider the whole of what exifts in nature to be 
as ina ftate of oxydation, or combination with 
oxygene: when faturated therewith, I mean 
with the bafis of vital air, it is black; and if it 
be diluted or diffufed in melted glafs, it becomes 
purple, or red; and as the vital air diminithes 
by burning, with the coaly impurities (which it 
is ufed for deftroying) in glafs, it gradually 
lofes its power of producing colours, and leaves 
the glafs tranfparent and colourlefs; its colours, 
however, may be reftored by nitre, or any 
thing affording pure air. The different folutions 
of manganefe, mentioned by Glauber, Mr. 
Delaval, and many others, undergo their va~ 
rious changes of colour, in confequence of a 
gradual feparation or diminution of their oxy- 
gene: and that this is what manganefe pofleffes, 
and what it lofes, in thefe operations, muft be 
evident to all who are acquainted with the later 
chymical difcoweries, and the very extraordinary 
purpofes to which Mr. Barthollet and others 
have found it applicable (particularly thofe of 
bleaching, and the manufacture of a new and 
moft powerful kind of gun-powder); and which 
it effectuates folely by the pure or vital air ob- 
tained from it. I have already noticed the va- 
rious colours affumed by the oxyds or calces of 

iron, 
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iron, when combined with different portions of 
the fame air, or its bafis, the oxygene, which 
are indeed fo many and fo diverfified, that I 
remember having been told by Mr. Wedg- 
wood, not long fince, that all the fine diveriic 
fied blows applied to his pottery, were pro- 
duced only by the oxyds of this fingle metal; 
which muft have been all of the fame, or very 
nearly the fame, fpecific gravity, and were be- 
fides, in thefe cafes, combined or melted with 
glafs, the fubftance which Mr. Delaval himfelf 
thought proper to choofe, as being of all others 
the bett for exhibiting what he was pleafed to 
think the true colours “of metals. In like man- 
ner the oxyds or calces of mercury, lead, filver, 
bifmuth, antimony, &c. affume each a confi- 
derable variety of colours (and more efpecially 
the two firft), by combinations with different 
portions of oxygene, without any thing lke a 
correfpondent variation of denfity or fpecific 
gravity in any of them. Of this Mr. Delaval 
appears to have been fenfible; and in the in- 
{tance of lead, he endeavours to obviate the evi- 
dence which it affords aeainft his theory, by 
afcribing the various colours of that metal to its 
<< imperfection,” which he 1s. pleafed to /uppo/e, 
without any, and againft every, kind of proof 
and probability: and then he goes on to fay, 
‘‘ it is probable that, during the calcination, 
lead receives a fmall portion of ph/ogiffon as 
well as of air; for the affinity between the earth 
of this metal and inflammable matter is very 
great, as appears from the readinefs with which 
its folutions and calces unite with phlogiftic 
vapours. The effec of fuch an union,” adds 
he, ‘© muft probably be a change of colour 
from orange to red; for Sir Maac Newton has 
C fhewn, 
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fhewn, that bodies refié& more ftrongly in pro- 
portion as they poffefs more phlogifton, and 
that the lefs refrangible colours require greater 
power to reflect them.” | Here we have another 
gratuitous and ftrange fuppofition of an acceffion 
or combination of phlogifton with lead in cal- 
cination: I fay ftrange, becaufe thofe of the 
adherents of phlogifton who yet continue to be- 
lieve its exiftence in metals, have conftantly fup- 
pofed that, in calcination, while they received 
air, they /oft, infead of gaining, inflammable 
matter. But were this extravagant fuppofition 
to be admitted as a caufe of the changes of co- 
lour in metals, how can it be reconciled to any 
hypothefis which makes their colours depend on 
their refpe@tive denfities? Indeed, if the effects 
which Sir Ifaac Newton fuppofes phlogifton 
to have on colours were real, and if phlogifton 
really exifted in them, as both he and Mr. De- 
laval, as well as others, have until lately 1ma- 
gined, it would be difficult to conceive why all 
metals are not red, or more inclined to rednefs, 
than their calces or oxyds. But enough, per- 
haps too much, has been faid, to refute Mr. 
Delaval’s hypothefis, fo far as it relates to the 
colours of metals. Unfortunately, however, 
for my readers, as well as for myfelf, he has 
thought proper, in a larger work *, publifhed 
fome time fince, to extend the fame hypothefis 
to the colours of animal and vegetable tubftan- 
ces; and endeavour to confirm and illuftrate Sir 
Ifaac Newton’s ideas on this fubject, by a variety 
of experiments, which are reprefented as in- 
ftances of changes of colour produced in thefe 
fubftances, by an increafe or diminution in the 
* Experimental Enquiry into the Caufe of the permanent 
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fizes of their particles: I am, therefore, com- 
pelled reluctantly to extend my own obferva- 
tions a little farther on this matter; and ] muft 
begin by complaining of a continuance of 
gratuitous and fallacious fuppofitions, fimilar to 
thofe which I have before had occafion to no- 
tice; for when, in operating upon, or with dif- 
ferent matters, he profeffes either to increafe or 
diminifh the fizes of their particles, and to do no- 
thing more, in order to fhew that the changes of 
colour produced in them, accord with the thick- 
nefles expreffed by Sir Ifaac Newton, in the 
table which I have already mentioned; inftead 
of choofing and employing mechanical means, 
which alone are fuited to produce thofe effets, 
and only thofe effects, he has recourfe to mere 
chymical agents, whofe ations in the ways 
which he fuppofes mutt have been @lmoft always 
doubtful, though their powers of producing 
other, and very different effets from what he 
fuppofes, is moft certain. Mr. Delaval, however, 
adopting Sir Ifaac Newton’s fuppofition, that 
acids always attenuate, and alkalies always in- 
craffate, prepared what he confidered as a dif- 
folving or attenuating liquor; which “ confitt- 
ed of water, with about an eightieth part of 
aqua fortis:” and when he wanted_to leffen the 
diffolving force of this liquor, inftead of weaken- 
ing it by the addition of water (which would 
certainly have been the moft obvious and unex- 
ceptionable expedient), he chofe to do it, as he 
fays, by adding “ a {mall quantity of a folution 
of potafh, or fome other alkaline liquor ;”’ and 
thereby produced a new compofition, the effects 
of which muft, in mariy cafes, prove different 
from thofe of a mere diminution of the fuppofed 
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diffolving power of the former liquor. And on 
the other hand, when he wanted to increafe the 
force of his acid liquor, inftead of doing it by a 
farther addition of aqua fortis (obvioufly the 
moft proper expedient), he recurs to an addi- 
tion of oil of vitriol; an acid poffeffing very 
different properties, and producing very different 
effects, on a great variety of fubftances, and 
particularly on colouring matters; of which I 
could eafily allege hundreds of inftances, but 
fhall content myfelf with only mentioning what 
is well known, that even the ftrongeft and moft 
concentrated oil of vitriol (ufed to diffolve indigo 
for dying the Saxon blue, &c.) does not deftroy, 
or even weaken, its blue colour, though a very 
weak nitrous acid, or aqua fortis, will wholly 
deftroy it, and convert the indigo to a dirty 
brown mafs, ®f no ufe whatever. 


Having thus affumed, that acids attenuate,. 
and do nothing but attenuate, the particles of 
colouring matter; that alkalies incraffate, and 
do nothing but incraffate, the fame particles ; 
that by adding an alkali to his mixture of aqua 
fortis and water, he weakens, and only weakens, 
its attenuating force on one hand; and that on 
the other he increafes, and only increafes it, by 
an addition of vitriclic acid; he next provides 
himfelf with fo much of Sir Ifaac Newton’s 
table before mentioned as fuits his purpofe, by 
tran{cribing the different colours of the three 
firft orders, and the different thickneffes of air, 
water, and glafs, fuppofed to produce each of 
thefe colours, one after the other; and thus 
equipped, he proceeds to make experiments 
upon red infufions of certain vegetables, and 

generally 
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generally finds, that with his acid liquor (i. e. 
water with ,%, of aqua fortis) the colour con- 
tinues red; that, with the addition of oil of 
vitriol, to attenuate farther, as he fuppofes, it 
becomes yellow; and that if, inftead of oil of 
vitriol, he adds an alkali, to incraffate, it becomes 
a purple. Now it fo happens, that though all the 
other colours are repeated in more than one order, 
purple is marked but once in Sir Ifaac Newton’s 
table, and then it is placed as the firft colour of 
what he terms the third order; and if the red 
and yellow, from which the purple in queftion 
had proceeded, were fuppofed to be of the fame 
order (as might be expected), then the produc- 
tion of this purple ought, upon Mr. Delaval’s 
theory, to refule not from incraffation, but 
from attenuation; fince the particles of it are 
{tated as near one third lefs in fize, than the 
particles of the red, and near one fourth fmaller 
than thofe of the yellow, of the fame order: but 
fuch is the happy arrangement of this table, and 
of the feveral orders of colours, that, by fup- 
pofing the red in this inftance to be the red of 
the fecond order, he finds a purple below it in 
the third, with only one intervening colour, and a 
yellow at the fame diftance above; and thefe 
leaps not being very great, he reconciles the ap- 
pearances to the theory. Indeed, as the fecond, 
or middle order in the table, contains all the 
different colours, and as, excepting one, they 
are all repeated in the firft order, which 1s 
above; and alfo in the third, which is below; 
hardly any change of colour can happen, which 
may not be made to accord with Mr. Delaval’s 
hypothefis, he being always allowed to fuppofe 
each original or primitive colour to belong to 


a that 
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that order which may be found moft convenient; 
though, in truth, the very admiffion of different 
orders or repetitions of the fame colours, pro- 
duced repeatedly by and at different thickneffes, 
or fizes, either of particles or plates of matter, 
is of itfelf a proof (as I have before obferved) 
that {uch colours do not depend on any particu- 
Jar thicknefs of plates or fize of particles ’*. 


I am far from thinking that Mr. Delaval has 
always chofen the moft proper matters for fair 
experiments, or that the experiments themfelves, 
even on his own principles, were well calcu- 
lated to afcertain the truth. But fuch as they 


5 When Mr. Delaval, on every occafion, allots each par- 
ticular colour to fome one order, exclufively of the reft, it 
would feem reafonable to expect, that he fhould juftify this 
allotment by fomething befides his own convenience, and 
particularly that he fhould prove that the red, for inftance, 
which he places inthe fecond order, exceeds that of the firft 
order, in the denfity and fize of its particles, exaétly in the 
fame proportion as 18 | exceeds g; and that the red which 
he places in the third order, exceeds that of the fecond 
exactly in the proportion of 29 to 184: and that the other 
colours of the feveral orders differ from each other likewife, 
according to the proportions fiated as neceffary for their 
production in the table which he has adopted from Sir 
Tfaac Newton. Before this divifion of colours into orders, 
and the hypothefis connected with it, can be admitted to 
have any other than an imaginary foundation, it ought to 
be proved, that ali the known reds differ from each other in 
refpeét to the denfities and fizes of their particles, exactly 
according. to the before mentioned proportions; and fo of the 
oranges, yellows, &c. fince, in every cafe, the flighteft 
deviation from the thicknefs or fize of particles ftated as 
effential to the produttion of a particuler colour, ought to 
occafion the appearance of that colour which is next in the 
feries above or below. But nothing like this. is any where 
attempted, nor is there any thing in nature acceffible to 
human obfervation, which could in any degree juftify the 
attempt. 
are; 
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are, I can readily point out feveral, which, on 
his own improbable, or rather impoffible fup- 
pofitions of mechanical attenuation or incraffa- 
tion, and nothing elfe, from chymical agents, 
cannot be reconciled to his theory, even by the 
alfiftance of Sir Ifaac Newton’s convenient table. 
The green leaves of the anil and glaftrum, he 
fays, ‘* being long fteeped in water, their parts 
are diffolved into a blue fubflance, which 1s in- 
digo and woad.” Now the truth is, that the 
blue arifing from thefe vegetables is not the re- 
fult of any difolution, but of an abforption of air 
during the fermentation which they undergo; 
and this colour does not manifeft itfelf until 
there isa beginning aggregation and concretion of 
its matter into /arger particles, which becoming 
denfer, as well as larger, fink down to the bot- 
tom, leaving the water colourlefs. So that here 
the change ftom green to hie, is manifeftly ac- 
companied with an increafe both in the fize and 
denfity of the coloured pa rticles, which is abfo- 
lutely incompatible with Mr. Delaval’s hypo- 
thefis ; fince, according to the table in quef- 
tion, every change of colour from ereen to blue 
is the effect of a diminution, notan ABE in the 
fize and denfity of its particles. When the indigo 
itfelf (formed into large dry mafies) is to be 
diffolved for dying, by the combined action of 
cauftic alkalies, and of particular chymical at- 
tractions, or of vegetable ferments, the folution, 
though ahadutett ily attended with a divifion or 
di bags of the coloured particles (as well as 
a lofs of the air abforbed during the firft procefs) 
Belt green, contrary to the table and hy- 
pothefis in queftion ; and_ in this ftate it is ap- 
plied by the dyers to wool, and other fubftances, 
4. to 
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to be dyed; and thefe, when firft taken out and 
expofed to the air, appear green; but by ab- 
forbing, and uniting with a portion of it, they 
immediately become blue, and in doing fo, the 
divided particles again concrete into larger ones, 
as muft be evident, among other proofs, from 
this, that the furface of the indigo liquor on 
which the air has an immediate action, 1s from 
that caufe always blue; and if we fkim off this 
blue matter from the furface (which is nothing 
but indigo) it will be found impofiible to make 
it enter the pores of any fubftance to be dyed, fo 
as to cye a colour therewith; becaufe the par- 
ticles having regained, and recombined with 
their proper portion of pure air, or its bafis, and 
with each Sips are no longer fufficiently di- 
vided and diffolved for that purpofe ; fo that in 
all thefe cafes, the matter of indigo becomes 
more denfe, and its particles larger, in paffing 
from green, to the more refrangible colour, 
blue; and the contrary, in pafling from blue to 
the lefs refrangible colour, green. And this too 
1s the cafe, when the infufions of rhubarb, tur- 
meric, &c. are made “ to defcend (as he ex- 
reffes it) from yellow to orange and red,” “ by 
the addition of an alkali,’ which, whatever he 
may imagine to the contrary, difolves thefe co- 
Jouring matters more powerfully than any acid. 
Similar objections occur in oppofition to the in- 
ftances which Mr. Delaval alleges, refpecting 
‘© the changes of Colour which aniniial fubftances 
undergo.” Among thefe, e.g. he obferves, that 
cows milk, boiled ~ up with an alkali, changes 
from white to yellow orange and red; and, as 
ufual, he gratuitoufly fuppoles, that, in pro- 
ducing thefe changes, it acts by incrafating or 
coagulating 
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coagulating the milk ; though if, contrary to 
all probability, alkalies were able to do this, we 
have no reafon to conclude that fuch coagulation 
would render the milk either yellow, orange, or 
red, becaufe no fuch colours appear when it 
really is coagulated by acids, &c. as in the mak- 
ing of curds and cheefe. But furely it cannot 
be neceflary for me ferioufly to combat fuch chi- 
meras any longer. The common fenfe and 
experience of ihankind, if fairly confulted, will 
condemn and revolt at the idea of making the 
colours of bodies depend on their weight, or 
the fizes of their particles; for it certainly never 
has been obferved that the heavieft fubftances 
were red, or the lighteft violet-coloured, or that 
bodies equally heav ry were all of the Bite co- 
lour. Different parcels of indigo, for inftance, 
vary confiderably as to fpecific gravity, without 
any variation of colour; and therefore it muft 
be very eafy to find fome of thefe agreeing in 
that eoloet exactly with the colouring. matter of 
cochineal (carmine) , which of all oblourss 1s the 
fartheft removed from that of indigo: and if 
Mr. Delaval fhould allege, that, though agree- 
ing in weight, they differ as to the fine of ahelt 
re{pective particles, let him correét this differ- 
ence by the only means fuited to do it, without 
doing more; I mean by fimple mechanical di- 
wifion, trituration, or grinding. Let this be 
employed upon either of the fubftances in quef- 
tion as long as he fhall think prog er, and let 
us then fee ye te ther he can thereby render the 
colour of indigo red, or that of cochineal blue 
or violet. Let him alfo make a fimilar trial 
upon mineral ethiops and vermillion; the one 
black, and the other of a beautiful red colour, 

though 
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though both are compofed of mercury and ful- 
phut ; ; and both are, or may be eafily rendered 
of exactly the fame {pecific gravity, by a little 
alteration in the ordinary proportions of their 
conftituent parts. 


Should what I have faid on this fubje&t prove 
infufficient to convince any one of my readers, 
I only beg that he will follow me, with a mind 
open. to conviction, through the various in- 
ftances, which, for other purpofes, I fhall have 
occafion to ftate hereafter, of colours produced, 
or changed by means and in ways that are wholly 
irreconcileable to the theory in queflion, and I 
perfuade myfelf that his doubts and difficulties 

will be effectually removed, {fo far as they may 
relate to the truth or fallacy. of Mr. Delaval’s 
hypothefis, of which I mean hereafter to be 
filent, becaufe I cannot, without pain, fupport 
even the appearance of contention. And indeed 
I feel it neceflary to apologize for having fo 
long detained my readers on this fubject : I have 
done it not only from a conviction of the truth 
of what I have written, but from the belief of 
its being expedient to refute an hypothefis, in- 
compatible with a confiderable part of what I 
am about to offer to the public; an hypothefis 
which the name and authority of Sir Ifaac New- 
ton had pre-eminently fanctioned; which the 
learning and talents of Mr. Delaval had ren- 
dered plaufible ; and which even at prefent is, I 
believe, generally confidered as true, in this and 
other countries. Should there be found any 
feeming incivility towards Mr. Delaval, I hope 
it will be confidered as the unguarded effufion of 
a zeal for truth. Nothing is farther from my 
wifhes 
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wifhes than a perfonal contention with that Gen- 
tleman, though | have thought it neceflary to 
combat anerror, capable of ob{tructing the pro- 
grefs of fcience. I have never had the honour 
of his acquaintance, but I have long refpected 
his character and abilities; and though I think 
he has erred, I alfo think it may be deemed a 
matter of excufe and confolation that he has only 
erred with Newton. 


Having, as I think, fhewn that the perma- 
nent colours of different objects do not arife 


from their denfities, or the fizes of their par- 
ticles, it becomes me to ftate fuch faéts and ob- 
fervations as feem beft fuited to throw light 


upon this obfcure and very intricate fubject. 


Sir Ifaac Newton having found that inflam- 
mable fubftances poffeffed greater refra€tive 
powers than others, in proportion to their den- 
fities, fays, in his fecond Book of Optics, 
that ‘* it feems rational to attribute the refrac 
tive power of all bodies, chiefly, if not wholly, 
to the fulphureous parts with which they abound ; 
for, adds he, it is probable that all bodies 
abound more or lefs with fulphurs ;” a term by 
which he intended to diftinguifh inflamrnable 
matters generally. And this great man having 
alfo concluded that the permanent colours of 
natural bodies were analogous to the colours 
produced by the refractions of thin, colourlefs, 
tranfparenct plates, &c. chymifts were generally 
induced to make all colour depend on the prin- 
ciple of inflammability or phlogifton, which, 
until very lately, was fuppofed to exift in metals 
and other fubftances, where there certainly is no 

evidence 
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evidence or appearance of it; and in thofe cafes 
where the total want of inflammabil ity was ma- 
nifeft, they confounded this with the matter of 
heat and that of light; to both of which they 
afcribed the power “of phlogi fticating other fub- 
ftances, and oi thereby producing or changing 
their colours: a {pecies of confufion fuited only 
to cover and perpetuate ignorance; fince every 
fingle colour 1s found to belong both to com- 
buftible and incombutftible fubftances, and to 
neither exclufively. The combuftible diamond, 
which Sir Ifaac Newton conjectured to be “ az 
unéiuous fubfance coagulated,” is found to be of 
almoft all the different colours, whilft other 
gems, though of fimilar colours, are all izcom- 
buftible. Combuttible indigo, and incombuftible 
{malt, are both blue; combuftible vermillion and 
incombuftible minium are both red ; combuf- 
tible gsamboge, orpiment, &c. are yellow ; and 
fo are certain incombuftible oxyds of lead, iron, 
and mercury. But fince the exiftence of phlo- 
gifton tin metals, 8c. has been denied by the 
pneumatic chymifts, they have in moft cafes 
attr:buted the origin and changes of colours to 
the application or combination of different airs 
or gazes, and particularly oxygene in different 
proportions ; and it has been fuppofed that thefe 
gazes poffefled confiderable refractive powers, 
and were thereby enabled to produce effects 
on colours like thofe which the followers of 
Stahl had imputed to phlogifton; and Mr. 
iesiipel in his recent work on the Elements 
f Dying, intimates, that ‘¢ many important 

ie eal {till remain for thofe who would 
follow the fteps of that great man (Sir Haac 
Newton), and compare the refracing powers of 
the 
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the different gazes, and other fubftances, the 
conftituent principles of which are now known.” 
But from all that I can difcern of this intricate 
fubjeét, it feems to me, that, though the prifm, 
and other tranfparent colourlefs fubftances, in 
different forms, fhew us the different colours of 
the feveral rays of light, by /eparating them 
from each other, in confeq uence of their greater 

or lefs refrangibility, or difpofition to be 
«© turned out of their way, in paffing out of one 
tranfparent body or medium into anot ther,” yet 
I am perfuaded that the permanent colours of 
diniiereeie bodies, or fubftances, are not produced 
by mere refraction, and that Sir Ifaac Newton 
was mifled by analogy when he extended his 
difcoveries and conclufions refpecting the tran- 
fient colours refulting from the refractions of 
light by pellucid colourlefs fubftances, to the 
permanent colours of various kinds of matter ; 
fince the latter evidently depend on other pro- 
perties, which determine , OF occafion the reflec- 
tion or tranfmiffion of fome particular fort or 
forts of rays, and an abforption or difappear- 
ance of the reft; and thefe I conceive to be cer- 
tain affinities, or elective attractions, exifting in 
or between the differently coloured matters and 
the aan! forts or rays of light fo abforbed 
or made /atent; and of which many inftances 

and proofs will, I think, be found in the fubfe- 
quent parts of this work. Next after the dia- 
mond and amber, we find that fpirit of turpen- 
tine, lintfeed oil, olive oil, camphor and alco. 
hol, or rectified fpirit of wine, poflefs greater 
refracting powers, in proportion to their refpec- 
tive denfities s, than any of the other fubftances 

contained in Sir Ifaac Newton’s table, and yet 


they 
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they are all permanently deftitute of colour; a 
fac which does not feem to indicate any con- 
nexion between the refractive power df a fub- 
ftance and its natural permanent colour. Nothing 
feems to act fo powerfuliy and extenfively in 
producing and changing shofe affinities, or elec- 
tive attractions, from which the permanent co- 
lours of different fubftances arife, as pure vital 
air, or its bafis, the oxygene; which indeed 
feems to owe its elaftic, or aérial form, to 
a portion of light as well as heat. Scheele 
demonftrated that gold, filver, &c. were re- 
vived from their oxyds by the contact of light ; 
and Mr. Berthollet has proved, that, in pro- 
ducing this effect, the light occafions a feparation 
of oxygene, in the form of pure vital air. Light 
alfo, by giving elafticity to oxygene, feparates 
it from various other Giletbatices; to which it 
would otherwife remain united, under, perhaps, 
the greateft degrees of heat. A bottle filled 
with oxygenated muriatic acid, improperly called 
dephlogifticated marine acid, if it be expofed to 
the light, lets go its oxygene, and becomes com- 
mon muriatic acid, but if wrapped in black pa- 
per, and expofed to the fun, it fuffers no 
change; and if heated in the dark, it will fly off 


in the form of oxygenated muriatic gas, without 
any decompofition of its oxygene, 


We are at this time well acquainted with 
the conftituent parts of the acid of nitre:’ it 
undeniably confifts of what the pneumatic chy- 
mifts term azote (phlogifticated or nitrous air), 
rendered acid by its combination with a cer- 
tain portion of oxygene, or the bafis of vital 
air, Whenthe azote and the oxygene are com- 


bined 


PERMANENT COLOURS, &c; 21 


bined ina certain proportion, the acid or com- 
pound is colourlefs, as we fee it in aqua fortis, 
or nitric acid: but if this colourlefs acid, in a 
tranfparent glafs veffel, partly filled, be expofed 
to the rays of the fun, or the light of a fire, an 
alteration will take place in the proportion of its 
ingredients; fince the light will combine with a 
part of the oxygene, and caufe it to become 
elaftic and fly off, and the azote will confe- 
quently predominate in the remainder; which, 
merely in confequence of this predominance, 
will affume firft a yellow, then an orange, and 
afterwards a high vivid aurora, and even a red 
colour, intenfeiy affeétmeg the fight. » But if the 
glafs veffel containing the colourlefs nitric acid, 
were filled with it, no fuch change of colour 
would take place by any degree of expofure to 
the fun’s rays or other light; becaufe, in this 
cafe, there would be no fufficient {pace or room 
to allow of a feparation and efcape of the oxy- 
gene. When nitrous acid has been made to 
affume the colours as before mentioned, if the 
glafs vefiel containing ic be hermetically fealed 
and kept for fome time in the dark, the oxygene, 
by lofing its light, will lofe its elafticity; and 
being again reabforbed by. the nitrous acid, the 
jatter will become colourlefs, as before. Mr. 
Keir mentions an orange-coloured nitrous acid, 
which, by lone keeping, became green, and 
afterwards of a deep blue; and Bergman fays, 
that if, to a concentrated red nitrous acid, one 
fourth pert of the quantity or meafure of water 
be added, the colour will be changed to a fine 
green, or to a blue, by the addition of an equal 
meafure of water, and that double its quantity 
of water will deftroy the colour. Here then 


ii we 
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we have an example of all the various coloura 
produced by the two fpecies of air which com- 
pofe our atmofphere (almoft wholly) when de- 
prived of their elafticity, and mixed in particu- 
lar proportions with more or lefs di lution by 
water. 


In the fame manner, cclourlefs nitric acid, 

when applied to wool, filk, fur, or the fkins of 
animals, their nails, horns, &c. renders them 
all not only yellow, but orange, and even aurora- 
coloured. Mr. Bertholiet thinks thefe changes 
are pretaced by a kind of combuftion ; but I am 
perfuaded they are the refult of a wien ition of 
the oxygene with the azote, which he has prov- 
ed to be a conftituent part of ali animal fub- 
{tances; they being exadtly fimilar both in their 
nature and origin, ‘to the changes of colour pro- 
duced as before mentioned in the nitrous acid, 
Were thefe colours the effect of combutftion, 
why are they not likewife produced in the fame 
manner upon linens, cottons, and vegetable 
fubftances, which. contain either little or no 
azote, but a great portion of the bafis of char- 
coal, and ought therefore to be more liable to 
be acted upon in the way of combuftion, than 
animal fubftances? 


Long before the properties of the fevera 
kinds of air were known, many changes of co- 
lour had been noticed as produced by the appli- 
cation or action of light; and indeed its effects 
are fo remarkable, ta hostel i of cafes, that 
no one can doubt of its powerful agency in thefe 
and other refpects. The only thing to be afcer- 
tained on this point is, whether the colours 
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‘ ha accompany or T¢ quire the ap plication of 
light, refule dire€tly from a combination of it 
Ww a the coloured fubftance, or ndireétly from 
its particular action in occafioning a feparation 
of airs, or their bafes (and particularly of the 
oxygene), or by favouring a combination 
thereof with the coloured matter. Mr. de Luc 
maintains, that light enters mediately or imme 
diately into the compofition of a conf fiderable 
number of folids, and of all liquids and expan- 
fible fluids, particularly the eriform; and it 
feems reafonable to conclude, that it muft 
greatly influence many phyfical and chymical 
phenomena. That able chymift Mr. Chaptal, 
found that the rays of light directed particularly 
upon certain parts of glafles, containing folutions 
of different falts, caufed them to cryftallize 
upon thofe fides which were in contact with the 
light, and no other. {any fubftances abforb 
and retain large portions of light, as appears by 
their emitting it in the dark; this is the cafe of 
the Bolognian ftone, and of many other natural 
as well as artificial compofitions; among the 
latter, Mr. Canton’s phofphorous (compofed 
chiefly of calcined oyfter fhells) imbibes and 
retains the light fo ftrongly, that, after being 
expol fed to it for only a few feconds, i it continues 
to be luminous even at the end of fix months. 
Almoft all animal and vegetable fubftances are 
found to emit light in certain ftages of putrefac- 
tion, or decompofition, and therefore it may be 
BG fumed to have been previoufly combined 
with fome of their parts; but how it acts, or 
whether it acts at all immediately, in producing 
the colonrs of any object, feems yet uncertain ; 
though we know that it does contribute greatly 
D tO 
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to the production or change of colours in a mufl- 
titude of mineral, vegetable, and animal] fub- 
{tances; in fome cafes, by combining with the 
bafis of vital air (oxygene), and feparating, by 
rendering it elaftic; and in others, by promoting 
the action and union thereof, upon or with par- 
ticular fubftances. It feems difficult to afcer- 
tain the particular affinities by which fometimes 
the one, and fometimes the other, of thefe 
effects is produced: perhaps they depend on 
caufes to which chymical knowledge, in its pre- 
{ent imperfect ftate, cannot reach. 


From the experiments of Beccari, Meyer, 
Schulze, Scheele, and Sennebier, it appears 
that muriate of filver (horned filver), which is 
nearly of a pearl white, changes to a violet co- 
lour, and from thence to a black, in the fpace 
of a very few minutes, when expofed to the 
fun’s rays in a tranfparent elafs; and this change 
Sennebier afcribes folely to the aétion of light ; 
fince, as he maintains, the muriate of filver 
will invariably retain its whitenefs, though ex- 
pofed either to heat or cold; and in.a moift or 
a dry air, or in vacuo, if fecured from the ac- 
ceffion of light, and of what he calls phlogiftic 
vapours (probably fulphurated, hydrogenous 
gas), and that it lofes its whitenefs only by the 
application of light, and then only tn propor- 
tion to its quantity or intenfity; fo that when 
the fun’s rays are copioufly applied by a lens, 
the muriate of filver is rendered violet coloured 
in a fingle fecond. By covering the muriate of 
filver with four thickneffes of white paper, its 
whitenefs was preferved; one, two, and three 
thickneffes retarded, but did not prevent its 
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finally becoming violet and black. Mr. Sennebier 
found that the different rays of light, under the 
fame circumftances, coloured the muriate of 
filver with different degrees of celerity; i.¢. the 
violet rays in 15 feconds, the purple in 23 fe- 
conds, the blue in 29, the green in 37, the 
yellow in 5 minutes and 30 feconds, the orange 
in 12 minutes, and the red in 20; but the rays 
of the three laft colours would not, as he re- 
lates, produce fuch a dark violet colour in any 
length of time, as was thus quickly produced 
by the more refrangible rays. I have alfo wit- 
nefled moft of thefe, and fome other changes of 
colour, taking place in muriated or horned fil- 
ver, and which may, I think, be fatisfactorily 
explained, by confidering that this preparation 
is the oxyd or calx of that metal, united only 
to a very {mall portion ®f either oxygene or 
muriatic acid, which the light renders elaftic, 
and thereby feparates fuch a portion of it as to 
produce an incipient reduction or revival of the 
metal, and with it the dark colours which filver 
always manifefts in that ftate; and in confirma- 
tion of this, I need only mention what I have 
feveral times obferved, that though muriated 
filver, placed at the bottom of a colourlefs glafs 
veffel, nearly filled with water, was made violet 
coloured in about two minutes, by the weak 
light of a room, having a fingle window only, 
and in a cloudy day; yet a dire¢ét application of 
the fun’s rays for many days produced no change 
of colour, when the muriated filver was covered 
with muriatic acid inftead of water; becaufe, 3 
this cafe, nothing like a revival of the filver 
could take place, whilft fo much uncombined 
muriatic acid remained in contact with it, and 
D2 ready 
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ready to fupply the place of any which might be 
feparated by the fun’s rays. 


It is curious to obferve the different degrees of 
force and celerity with which, according to Sen- 
nebier, the different rays of light change the 
colour of horned filver, exaély in proportion to 
their degrees of refrangibility; an effect which 
mutt be afcribed to a greater affinity between the 
leaft refrangible ray and the muriatic acid, in 
confequence of which the former more readily 
combine with and extricate or feparate the latter 
from the filver to which it was united. 


A folution of filver in the nitric acid likewife 
changes colour by the action of light, and be- 
comes black hereby, as well as by the applica- 
tion of inflammable@fubftances, of calcareous 
earth (chalk), and every thing elfe which can 
feparate a fufficient portion of the oxygene. It 
alfo gives the fkin a black colour, which cannot 
be effaced, but by a removal or change of the 
fkin itfelf: it tinges the hair, nails, and other 
animal fubftances, in like manner, becaufe they 
occafion a feparation of fo much of the oxygene 
as is neceffary for that purpofe. 


Mercury diffelved in nitric acid, being wafhed 
with water, affords a yellow oxyd, which, when 
expofed to the light in a tranfparent colourlefs 
glafs veffel, will become black ‘on the fide to 
which the light is applied, even where the vefiel 
is filled with water; becaufe, as in the cafe of 
horned filver, the light extricates a part of the 
oxygene; this yellow oxyd being a preparation 
of mercury, with but a very {mall eeunpect 
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acid. The red precipitate, and feveral other 
preparations of mercury, have their colours 
changed even under water, by fimilar means. 
The white or colourlefs folution of mercury, by 
the nitric acid, when applied to animal and in- 
flammable fubftances, tinges them purple and 
black, in the fame way, and from the fame 
caufe, as they are tinged by the folution of filver. 
Similar effects happen with the folution and oxyd 
of bifmuth, which laft is therefore ufed to blacken 
hair when mixed with pomatum. Almoft all the 
other metals afford inftances of changes of co- 
lour more or lefs remarkable, depending upon 
the acceffion and feparation of oxygene; and in 
many of which light has a confiderable influence 
in promoting one or other of thefe effeéts.. In 
all the inftances lately mentioned, however, 
blacknefs was produced by a feparation of air 
from the metallic bafis; but there are others in 
which it refults from the addition or acceffion 
thereof. Arfenic, as Mr. Chaptal mentions, 
when firft fublimed, is of a fhining grey, or fteel 
colour, but blackens fpeedily in the air (* noir- 
cit promptement a l’air’’); and he likewife ob- 
ferves, that ‘* manganefe, precipitated by an 
alkali from its folution, was found to be a 
whitifh gelatinous fubftance, which toon chang- 
ed colour, and became d/ack, by the contact of 
air; that, having been a witnefs of this pheno- 
menon, he could only attribute it to the abforp- 
tion of oxygenous gas, and found this to be the 
cafe, by fhaking the white precipitate in glafles 
filled with that gas, by which the black manifelted 
itfelf in one or two minutes, and a confiderable 
art of the gas was found to have been abforb- 
ed.” Elemens de Chymie, tom, ii, p. 260.— 
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The preceding inftances relate to mineral and 
inorganical fubftances, though in the two laft it 
mutt be owned, that the influence of light (the 
immediate object of confideration) is not very 
evident; and therefore I fhall proceed to notice 
fome of the more remarkable effects of that ele- 
ment, in producing the colours of vegetable and 
animal fubftances. Ray, in his Hiftoria Planta- 
rum, printed in 1686, vol. 1. p. 15. appears to have 
difcovered, by feveral experiments and obferva- 
tions, that the green colour of plants depended 
chiefly upon the influence of light: he had found 
that they were greex, whilft vegetating under a 
tranfparent glafs bell expofed to the light, and that 
when growing in ob{curity under an opaque veffel, 
they lott their ereen, and acquired a pale whitifh 
yellow ; their ftalks, at the fame time, becoming 
long, flender, and feeble; and their leaves fmall. 
And thefe effects he afcribed to the want of light, 
rather than of either air or heat. ‘* Nobis 
tamen non tam aer quam lumen, luminifve 
actio coloris in plantarum follis viridis caufa effe 
videtur.”—-** Ad hunc autem colorem inducen- 
dum non requiritur coelor,” &c. Mr. Bonnet 
has fince confirmed Ray’s conclufions upon this 
fubject, and added feveral curious facts, refulting 
from a variety of experiments related in the 
fourth and fifth volumes of his works: but it is 
Mr. Sennebier who has done moft, and carried 
his inquiries fartheft refpecting it, as appears 
by his ‘“* Memoires Phyfico Chymiques fur 
V Influence de la Lumiere Solaire,” &c. in 3 vols. 
8vo. 


It is now well afcertained, that vegetables, 
growing in the light, give out the re gas 
pure 
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(pure vital air) ; and Dr. Ingenhouz, by a great 
number of experiments, has proved, or con- 
ceives himfelf to have proved, that in the dark 
they give out the carbonic acid gas (fixed air) ; 
though this has been doubted by others, and 
particularly by Mr. Sennebier, who conceives, 
that, in thefe cafes, it was the pure air vitiated 
by fome difeafe or decompofition of the plant 
itfelf: Dr. Ingenhouz, however, in his laft 
publication, adheres to his former opinion, and 
fupports it with new facts and arguments. Be 
this, however, right or wrong, there is no room 
to doubt but that healthy plants, growing in the 
light, decompofe both water and carbonic acid 
gas; and, appropriating to themfelves the hy- 
drogene, or inflammable air (which is a confti- 
tuent part of water), and the carbonaceous mat- 
ter, or bafis of the carbonic acid, with perhaps 
a {mall portion of the oxygene, they emit the 
reft in the form of vital air, which the light 
feems to feparate, by combining with and ren- 
dering it elaftic, in the fame manner as it fe- 
parates the oxygene from the calces or oxyds of 
metals, &c. But when plants vegetate in ob- 
{curity, no fuch feparation can take place: in- 
deed the water imbibed by the plants feems not 
to be properly decompofed, unlefs its living 
powers be aided by the ftimulus of light, and by 
its affinity for the oxygene. ‘There is, there- 
fore, an accumulation of this latter fubftance, 
and a want of inflammable air to compofe the 
refinous matter, by which the green colour of 
the plant is produced; and this colouring mat- 
ter being very fparingly formed, and at the fame 
time combined with an excefs of oxygene (which 
generally weakens or deftroys vegetable colours), 
the plant, inftead of its natural greennefs, exhi- 
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bits only a pale ftraw colour. Mr. Sennebier 
found that plants, in this ftate, received a deeper 
green, and in lefs time, by expofure to the vio- 
Jet rays of light, than to thofe which were lefs 
refrangible, as was the cafe in colouring the 
muriate of filver. He alfo found that plants 
left to vegetate without light, under veffels 
filled either with azote (phlogifticated air), or 
with hydrogene (inflammable air), did not lofe 
their green colour, as when furrounded by com- 
mon atmofpheric air. In carbonic acid (fixed 
air) they foon perifhed. Dr. Ingenhouz alfo 
obferved, that on mixing a little inflammable 
air with either the common or the vital air in 
which a plant was growing, under a tranfparent 
elafs, the green colour of the plant foon became 
deeper. In thefe cafes there feems to have 
been an afpiration or abforption of the inflam- 
mable air, affording an increafe of the refinous 
colouring matter. 


Mr. Sennebier alfo found, that the red tinc- 
tures of orcanette * igi kermes, gum lac, 
and cochineal, wets made yellow by Fae to 
the fun’s rays; and the tincture of dtagon’s 
blood was thereby deprived of all colour: in 
thefe cafes the alcohol, or fpirits of wine, affifted 
the action of the fun’s rays in decompofing the 
feveral colouring matters, probably by combin- 
ing with their oxygene; becaufe it was found 
that the aqueous infufions of orcanette, kermes, 
and cochineal, fuffered no change by the like 
expofure; though indeed the infufions of faf- 
flower, dragon’s blood, and gum lac, were 
changed by it; perhaps becaufe they contain a 
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refinous matter which might have co-operated 
with the rays of light, in the fame way as the 
fpirit of wine is luppofed to have done. Mr. 
Sennebier obferved, that the petals of damafk 
rofes afforded a kind of brick colour to {pirits of 
wine, when put into it; and that this, by a few 
minutes expofure to the common light, became 
of a fine violet-colour; which, however, was 
foon deftroyed, by a dire& application of the 
fun’s light, unlefs when a few drops of fome of 
the {trong acids were added; in which’ cafe, the 
colour with{tood the fun’s rays for feveral months. 
From thefe inftances I conclude, that the colour 
of the rofes depends on a certain proportion of 
oxygene; that the light, aided by the attraGtion 
which fpirits of wine, as well as other inflammable 
matters, have for oxygene, feparates it and de- 
{troys the colour; but that thefe effets are re- 
vented, as might be expected, by the addition 
of acids containing and affording a fupply of 
oxygene. And that this was the faét, feems 
evident from this obfervation, made by Mr. 
Sennebier, that when the petals of the rofes had 
been rendered white by imparting their colour 
to the {pirit of wine, they regained it on being 
taken out, and expofed to the air, even in a 
dark place ; though they did it much quicker 
in the light; but not at all in a veffel containing 
only azote, furrounded by quickfilver, even 
when aided by an immediate application of the 
fun’s light; which clearly proves, that the refti_ 
tution of axygene was indi{penfably neceflary to 
the reftitution of their colour. In the fame way 
fulphureous acid whitens rofes, by abftracting 
and depriving them of their oxygene; and the 
fulphuric acid reftores the colour, by reftoring 
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the oxygene®. Mr, Sennebier alfo found the 
red fkins of peaches to whiten in {pirits of wine, 
hike the petals of rofes, and, like them, to re- 
gain their colour by expofure to the air; as did 
alfo the red fkins of plumbs. He likewife ob- 
ferved, that the water-colours ufed by painters, 
if covered by a folution of fith-glue or ifinglafs, 
and then varnifhed, withftood the aéction of the 
fun’s rays much longer than if varnifhed without 
the fifh-glue; which laft feems to prevent the 
varnifh from co-operating with the light in ex- 
tricating the oxygene of the colouring matters, 
as, from its inflammable nature, it would do, 
if in immediate contact with them. The pre- 
ceding are examples of colours produced, chang- 
ed, or deftroyed by the action or affinity of 
light, exerted in feparating, by giving elafticity 
to, the oxygene or bafis of vital air. There are 
many other cafes, however, in which the affi- 
nity of light is very differently exerted, and in 


6 The fulphureous or volatile vitriolic acid, not being 
faturated with oxygene, is difpofed to attract it from other 
matters in contact with it; and by fo doing, it not only 
whitens rofes, but filk, wool, and other fubftances, ren- 
dered yellow by being united to a certain portion of 
oxgene: and thefe fubftances, being fo whitened, may 
again be made yellow by the application of oxygenated 
muriatic acid,-which will reftore to them that portion of 
oxygene of which they had been deprived. Hence it ap- 
pears, that the application of oxygene, which fo power- 
fully bleaches linen, is equally efficacious in producing a 
contrary effect on filk and wool; I mean that of deftroying 
their whitenefs, and rendering them yellow. . And thefe 
oppofite effects arife from a difference in the fubftances 
acted upon by the fame agent, the whitenefs of wool and 
filk evidently depending upon the abfence of OeNBENss and 
that of linen and cotton upon its prefence ; perhaps upon 
their being completely faturated with it. 
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which that element, inftead of decompofing the 
oxygene, and carrying it off from particular 
matters, contributes rather to attract it, and pro- 
mote its combination with them, probably by 
uniting itfelf to the fame matters (in confe- 
quence of fome particular affinity), and forming, 
together with the oxygene, a triple compound, 
The green colour of the leaves of plants refides 
in a refinous fubftance, which being diffolved 
and extracted by fpirits of wine, produces a 
green tincture; and Mr. Sennebier having ex- 
pofed this to the rays of the fun, in a clear 
tranfparent glafs, but half filled, he found, upon 
repeated trials, that the colour was generally 
deftroyed in about twenty minutes, and a yel- 
lowifh fubftance was precipitated to the bottom; 
which I conceive to have been the colouring 
matter faturated with oxygene: but if the glafs 
was completely filled with the green tincture, 
and clofely ftopped, Mr. Sennebier found, that 
the ftrongeft action of the fun’s rays upon it, 
during four months, was not fufficient even to 
weaken in any degree the green colour, becaufe 
all oxygene was excluded, and the rays of light, 
without it, were unable to effect any change, 
Jf azote (phlogifticated air) was inclofed in a 
veffel partly filled with this green tinéture, the 
Jatter fuffered little or no change by long expo- 
fure to the direét action of the fun’s light; but 
if, inftead of this, he fubftituted pure vital air, the 
green colour was moft rapidly deftroyed. Mr. 
Sennebier alfo found, that the dark red juice of 
black cherries very foon loft its colour, when ex 
pofed to the fun’s rays, but that a tincture of thofe 
cherries in fpirit of wine preferved its colour, 
in the fame circumftances ; the {pirit of wine, as 
J conceive, affording a covering and defence to 
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the colouring matter of the cherriés againft the 
action and farther combination of oxygene or 
vital air. Here the effect was directly oppofite 
to that of rofes, lately mentioned. There are 
many other inftances of abforption of oxygene 
promoted by the action of light: many of thefe 
I fhall have occafion to mention hereafter for 
other purpofes, and therefore will content my-~- 
felf at prefent with noticing two experiments 
made by Mr. Berthollet. In the firft, he * in- 
verted, over mercury, a bottle half full of the 
green folution (employed by Mr. Sennebier), 
and expofed it to the light of the fun; when the 
colour was difcharged, the mercury was found 
to have rifen in the bottle, and confequently 
vital air had been abforbed; the oxygene having 
united with the colouring matter.” In the fe- 
cond experiment, he ** placed a tinéture of turn- 
fol, in contaét with vital air, over mercury, 
both in the dark, and expofed to the light of the 
fun; the former continued unchanged for a con- 
fiderable length of time, and the vital air had 
fuffered no diminution; but the other loft much 
of its. colour, became red, and the air was ina 
great meafure abforbed, &Xc, 


In the fame manner that plants, firft fhooting 
out of theearth, are white, fo negro children, when 
firit born, are likewife of that colour, but by ex- 
pofure to light and air, they in a few days be- 
come Back: and as far as I can judge from 
what I have feen of the effect, it feems to refult 
from a combination of air, with a particular 
matter or bafis, compofing a part of the reticu- 
Jar membrane under the fkin, and fitted by Na- 
ture to become black in this way, as that of the 
European is to remain white, or that of the 
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aborigines of North America to be brown, &c. 
The blacknefs of the negro children is found, by 
obfervation, to be confiderably haftened by 
early expofure to ftrong light, which feems to 
favour the abforption, or combination of oxy- 
gene ; an effect which is not furprizing, fince, by 
many of Mr. Sennebier’s experiments, the light 
was found to act in this way through coverings of 
greater thicknefs than thofe which oppofe its 
accefs to the reticular membrane in negroes. 


The action of light upon the human Euro- 
pean {fkin, is alfo ftrongly manifefted by the 
production of tan and freckles; of which the 
latter appear likewife to reach as far as the reti- 
cular membrane. Thefe effects are the moft 
remarkable in fea voyages, and other fituations 
where the light is copioufly reflected, efpecially 
by water, though without any increafe of heat. 
In like manner the hair of kittens, puppies, &c. 
though fitted by nature to become black, is, im- 
mediately after birth, only of a brownifh black 
colour, which gradually darkens externally, or 
as far as it is expofed to the air and light, but 
no farther; for I have found the blackeft cats 
and dogs, even in old age, to have that part of 
their hair which is neareft the fkin, and mott fe- 
cluded from air, particularly towards its roots, 
only of a brownifh black colour, very different 
from what is feen at the ends or points. 


Mr. Sennebier mentions, upon the authority 
of Scheele, that the nereisdacuftris is red whilft 
living in places acceffible to the fun’s rays, and 
white when living in obfcurity. And M. 
Dorthes (fee Ann, de Chymie, tom. ii.) affirms, 
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that moft of the larvee of infects inhabiting the 
interior cavities of animals, as well as of woods, 
fruit, the earth, &c. are white, and that having 
forced many of thern to live under tranfparent 
glafies, expoted to the light, their whitenefs was 
gradually changed for brown colours; and that 
the tree frog, which generally lives in the fhade, 
being forced to live in a fituation expofed to the 
fun-fhine, changed his colour from ayellowifh, to 
avery dark green. In thefe Jaft inftances it does 
not appear certain whether the light produces the 
changes of colour which have been juft men- 
tioned, by occafioning an abftraétion or an addi- 
tion of oxygene, but from what we know of its 
effects, in cafes apparently fimilar, we may at 
Jeaft conclude that it acts in one or the other of 
thefe ways. Yellow filk, according to Mr. 
Poivre’s account, taken from the cocons and 
expofed to the fun, foon becomes perfectly 
white; and the fame happens to ivory, if ex- 
pofed in like manner, after it has become yellow. 
Thefe effects are fimilar to thofe which occur to 
white cotton garments, and to white lead paints, 
which notorioufly become yellow, if deprived of 
the free accefs of light and air for any length of 
time, but are again rendered white, by whatever 
reftores to them the oxygene which is wanting to 
maintain their whitenefs. 


I have now noticed the principal facts refpect- 
ing the action of light in producing or changing 
the colours of minerals, vegetables, and. ani- 
mals; and as far gs our knowledge extends, it 
does not appear warrantable to conclude that light 
contribbtes to thefe effects, otherwife than by its 
affinity with oxygene, which, (affinity, ) under fome 

circum- 
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circumftances, and with the aid perhaps of other 
unknown affinities, fometimes feparates and ren- 
ders the oxygene elaftic by uniting with it, and 
at other times occafions the combination of an 
increafed portion thereof with the coloured fub- 
ftance. ‘This laft effect is what Mr. Berthollet 
feems exclufively to infift upon, as occafioning, 
either with or without the aid of light, all the 
changes and injuries to which animal and vege- 
table colouring matters are liable; and he deems 
the action and effects of oxygene in thefe cafes 
to be fimilar to thofe of combuftion. <« In con- 
fidering the effects of air on colours (fays he), 
it isneceflary to make a diftinction between thofe 
produced by metallic oxyds, and thofe produced 
by the colouring particles,” meaning thofe of a 
vegetable nature ; the modifications of the for- 
mer are ‘* entirely owing, continues he, to dif- 
ferent proportions of oxygene;” butI have been 
led by obfervation, he adds, “* to form a differ- 
ent opinion of the latter,” with which the Oxy- 
genated muriatic acid had exhibited different 
phenomena, fometimes difcharging their co- 
lour, and producing whitenefs, but moft fre- 
quently rendering them yellow, fawn, or root- 
coloured, or brown or black, according to the 
intenfity of its action: and he remarks, that he 
had found, by comparifon, that when the colouring 
particles were rendered yellow, root-coloured, or 
brown, by the oxygenated muriatic acid, effeéts 
were produced fimilar to thofe of combuttion ; 
and that they were ‘* owing to the deftruétion 
of the hydrogene, which, as it combines with 
oxygene more eafily, and at a lower temperature 
than charcoal does, leaves the latter predomi- 
nant; {fo that the natural colour of charcoal is 


more 
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more or lefs blended with that which before ex- 
ifted’ ;’’ And as ‘ the light of the fun confi- 
derably accelerates the deftruétion of colours,’ 
he concludes that it ought, if his theory be well 

founded, 


7 Meff. Lavoifier, Berthollet, and other pneumatic chy- 
mifts, feem to confider the 4/acé colour of charcoal as nata- 
rally belonging to the vegetabie matter from which it is 
formed, and not as the refult or effect of combuttion. To 
> hoy nd charcoal feems to be a kind of vegetable 
oxyd, coniilt ling of the carbonaceous bafis, united to a cer- 
tain portion of oxygene, enough to render this bafis black 
(as it occafions the blacknefs of manganefe), but hot 
enough to faturate and convert it mto car bonic acid gas. 
Hard woods contain fo great a portion of the bafis of 
charcoal, that if it really exifted therem, with its black 
colour, previous to combuttion, it is impoffible to conceive 
how they fhould ever appear white, yel low, red, &c. fince 
in dying, &c. we find, that laying other colours upon a 
black ground, only increafes the b! lacknefs. Neither do I 
think that this blacknefs is the only circumftance in which 
charcoal differs from its bafis, or the ftate in which the ve- 
getable part thereof exifted previous to combuftion: on 
the contrary, I am perfuaded that its oxydation, or com- 
bination with oxygene, gives it new and very remarkable 
properties. Mr. Fourcroy has informed us (fee Ann. de 
Chymie, tom. v.), that the aqueous extracts of feveral co- 
louring matters, by being left for a confiderable time ex- 
pofed to air, acquired and combined with a § Conf donee 
portion of oxygene, and thereby affumed new colours, and 
at the fame time became themfelves much more fixed and 
permanent than before; which feems to be the cafe (though 
in a greater degree) of the vegetable bafis of indigo and 
that of charcoal. This laft is indeed never converted into 
charcoal, but by fuch a degree of heat as muft neceffarily 
occafion its combination with oxygene (which never can be 
wanting, even in clofe veffels, becaufe it exifls in the air 
veffels, and other parts of all vegetables) ; and when this 
converfion is made, the charcoal is rendered infinitely more 
indeftruétible than any other vegetable matter, as it will 
refift the combined aétion of fun, air, moifture, &c. for 
hundreds of years; and indeed it can hardly be deftroyed 
but by fuch farther combuttion as will change it into carbo- 
nic 
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Founded, “ to favour the combination of oxy 
gene, and the combuftion thereby produced *.’ 


In thus afcribing the decays of vegetable a and 
animal colouring matters in general to effects o 
changes fimilar to thofe of combuftion, Mir. Bere 
tholler, in my opinion, has gone much further 
than is warrantable by facts. It cannot, I am 
perfuaded, be his intention that we fhould apply 
the term of combuftion to alterations which re- 
fult from a fimple addition of oxygene, to co- 
louring matters, without a deftruction or fepara- 
tion of any of their component parts; though a 
great many of the decays and extinctions of thefe 
colours evidently arife only from fuch fimple addi- 
tions of oxygene. The nitric, fulphuric, and other 
acids containing oxygene, have the power not 
only of weakening, but of extinguifhing, for a 
time, the calies, ae many tingent matters; not 
however by any effect which can properly be des 
nominated a combuttion, but rather by a change 
in their feveral affinities or attractions, for par- 
ticular rays of light in preference to other rays 5 


nic acid gas. "This indeftrudtibility, as well as the black 
colour of charcoal, feem therefore to refult from the 
combination of oxygene with its bafis. Were not this the 
cafe, and did it really exift with its black colour naturally 
in vegetables, why do we not find it remaining intire after 
the other parts of vegetables are feparated or deftroyed by 
fermentation, put trefachion, &c. ? and why does it diffolve 
and rot with them undiftimpuifhed, and contrary to what 
happens when it exilts feparately, in the form of charcoal ? 
and why, when in this form, will it not recombine with 
matters fimilar to thofe feparated from it, and enter with 
them pe fermentation, &c. as it furely ought to do if it 
had acquired no new property, and only been left in . dif. 
tinct bate by the fimple abftraction of thofe matters : 


*« Elements of the Art of Dying; chap. ii, 


E but 
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but none. of their parts being deftroyed, or car- 
ried away, the addition of an alkali, or of cal- 
careous carbonate, will generally undo fuch al- 
teration, and reftore the original colour, by de- 
compofing and neutralizing the acid or oxygene 
which had caufed the alteration. Of this hun- 
dreds of inftances might be given, it being the 
cafe of almoft all vegetable or animal colouring 
matters; it will however be fufficient to mention, 
what moft people have feen, that ink, dropped 
into a glafs of diluted nitric, vitriolic, or other 
acid, will lofe its colour, and that it may be 
again reftored by adding a fuitable portion of 
vegetable or foffil alkali; and that this may be 
done feveral times with the fame ink, and 
therefore the change, or lofs of colour, could 
not have been the effect of combuftion. If how- 
ever this ink had been fixed, by dying in the 
fubftance either of wool, filk, linen, or cotton, 
and the fubftance fo dyed had been dipped into a 
glafs of diluted acid, as before mentioned, a 
confiderable part of the colouring matter would 
have been diflodged, and feparated from the 
dyed fubftance, by its affinity with the parece 
or acid; and though no combuftion had taken 
place, the colour fo. feparated and loft, could not 
be again reftored without a fecond dying: and 
this lofs of colour would be fimilar to what fre- 
quently happens to colours from expofure to fun 
and air, by which they are gradually weakened, 
many of them without any other change of tint 
than the fimple diminution of their origina! 
body, or quantity of colouring matter ; and this 
continuing in the more fugitive colours, parti- 
cularly that of turmeric, the cloth is foon left as 
white as before it had been dyed, without any 
thing like combuftion having ever taken place in 


it, 
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it, or in the matter with which it was dyed *. 
Mr. Sennebier expofed a great variety of woods 
to the action of the fun and air, and found all 
their colours very foon affected. The white 
woods were generally made brown, and the red 
and violet changed either to yellow or black. 
Guaiacum was rendered green; the oak and the 
cedar were whitened, as were the brown woods 
generally ; effects which certainly do not re- 
femble thofe of combuftion, any more than the 
bleaching of wax and tallow by expofure to air. 


The colour of each particular fubftance evi- 
dently depends on its peculiar conftitution, pro- 
ducing in it a particular affinity or attraction for 
certain rays of light, and a difpofition to reflect 
or tranfmit certain other rays; and in this 
refpect it may doubtlefs fuffer very confiderable 


8 That colours are not generally impaired by any thing 
like combuftion, as Mr. Berthollet fuppofes, may be pre- 
fumed from this fa¢t—that there are but few of them, 
which the common muriatic acid does not injure as much 
as either the nitric or the fulphuric ; and as there can be no 
combuftion without oxygene, and as the common muriatic 
acid either contains none (which is Mr. Berthollet’s opinion) , 
or what it does contain is confeffedly combined with it, by 
an affinity too powerful to be overcome by any known fub- 
ftance or means, it neceflarily follows, that the oxygene (if 
it contains any) cannot be liberated fo as to act in the way 
of combuftion upon any other matter; and therefore when 
the common muriatic acid changes or deftroys the colours 
in queftion, it changes or deftroys the affinities upon which 
they depend, by producing effeéts different from thofe of 
combuftion; and as the changes which it produces on co- 
lours are in moft cafes fimilar to thofe produced by the 
nitric, fulphuric, and other acids known to contain oxy- 
gene, it feems reafonable to conclude that thefe alfo a& 
upon colours, by producing other efiects than thofe of com- 
buttion. 


changes 
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changes from the ation or combination of oxy- 
gene, ; without any effects fimilar to thofe of com- 
buftion. And indeed the changes of colour 
which arife from the accefs of vital or atmofphe- 
ric air, feldom refemble thofe which the mere 
predominence of blacknefs (the fuppofed natural 
colour of charcoal) would produce; though this 
may have been the cafe with the colouring mat- 
ter of brown or unbleached linen, upon which 
Mr. Berthollet’s experiments were principally 
made. 


But whether the action of vital air, or its 
bafis, in promoting the decays of colours, ought 
to be denominated a combuftion or not, I am 
confident that, at leaft, fome of them are liable 
to be impaired, not fo much by an acceflion of 
oxygene, as by the lofs of it; an effect, of which 
J have already enumerated feveral examples, 
among animal and vegetable, as well as mineral 
fabitdnces; deriving their colours from a com- 
bination with certain portions of oxygene; and 
to thefe I might add feveral other examples. 


Hook and Lower long fince noticed the dif- 
ference of colour in arterial and venal blood ; 
and it has been fince proved, by numerous ex- 
eri! nents, that the fine vermilion colour of the 
former, iS Aaah folely by vital air, which it 
is capable of acquiring even through bladders, 
the coats of blood veffels, &c. And very re- 
cently, Mr. Haffenfratz feems to have proved 
(fee Ann. de Chymic. tom. ix.), that as this 
fine red colour is gained by a diffolution of oxy- 
gene in the arterial blood, fo it is loft, and the 
dark colour of the venal blood reftored, by a 


feparation 


he 
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feparation of the oxygene, in confequence of its 
forming a new combination with the hydrogene 
and carbone thereof, 


That the blue colour of indiéo abfolutely de- 
pends upon a certain portion of oxygene, has 
been already mentioned, and | ‘hall hereafter 
give fome curious illuftrations of this fact, from 
which it will appear that a folution of indigo, by 
lofing a oxygene, may become as pel lucid, 
me cepting a very flight yellowifh tinge, as 
Elicuielet fs as water, and afterwards fpeedily re- 
turn through all the fhades of yellow and green 
to its original deep blue, by expofure to atmo- 
{pheric or vital air. Similar to this is the faét 
long fince obferved by the Abbe Nollet, of the 
tinéture of ar rchil-orchellz deities to colour the 
{pirit of wine ufed in thermometers, and which after 
iome time lofes its colour, but foon recovers it 
again upon being expoled to atmo {pheric air 
And this alfo happens to the infufion of Mb 
and to fyrup of violets, which both lofe their 
colours when fecluded from air, and regain them 


when placed in contact with if Many other ex- 
amples of the like effects m ght be mentioned 
here ; but to avoid repetitions, I beg leave to 


refer my readers to luotenbent | parts of this work, 
in which I fhall have occafion to inftance various 
animal and vegetable colours, produced. folely 
by the contact rot vital or atmofpheric air; and 


fome others, which, when given by dying or 
callico printing to wool, filk, cotton, &c, 
though ‘unable to fuftain a fingle day’s expofure 


to the fun and air without manifett injury, were 

found to receive none from the aétion of {trong 

nitric or fulphuric acids, but, on the contra 
ae were 
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were preferved by being wetted with them, and 
even with oxygenated muriatic, and fulphu- 

ric acids. But the fame colours, if covered 
with lintfeed oil, were found to decay more 
quickly from expofure to the fun and air, than 
if uncovered. Thefe colours therefore could 
not owe their decays to the conta¢ét or combina- 
tion of oxygene, becaufe they were not only un- 
hurt, but benefited by its concentrated powers 
in the nitric, the Hep muriatic, and 
fulphuric acids; and alfo becaufe they were 
fooneft impaired when defended from the accefs 
of oxygene, by being covered with lintfeed oil. 
Probably the decays of thefe colours were occa- 
fioned by a lofs of at leaft forme part of the oxy- 
gene which was neceflary to their exiftence, and 
which the lintfeed oil affifted in depriving them 
of, by its known affinity with vital air. 


In forming fyftems, we are apt to draw gene- 
ral conclufions from only a partial knowledge or 
view of faéts. And this even Mr. Berthollet 
feems to have done, not only in afcribing the 
decays of vegetable and animal colours, exclu- 
fively to effects fimilar to thofe of combuftion, 
but alfo in reprefenting the oxygenated muriatic 
acid as an accurate teft or meafure for anticipat- 
na few min utes, the changes which thefe 


ing, 
colours are liable to fuffer, by long expofure to 


the action of fun and air; for th 6ugh it doubt- 
lefs is true that the oxygenated muriatic acid, in 
weakening or deftroying colours, gives up to 
them more or lefs of the oxygene, w chich it had 
received by diftillation from manganefe ; and 
that, by this new combination of oxygene, thofe 
affinities for particular rays of light, upon ia 
tneir 
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their colours depend, are liable to be deftroyed ; 
it is neverthelefs true, that the changes of co- 
lour fo produced are no certain indication of 
thofe which the combined influence of light and 
air will occafion upon colours in general; there 
being, as I have already obferved, and as I fhall 
more fully explain hereafter, feveral colours 
which are very fpeedily deftroyed by the latter 
of thefe caufes, though they refift the ftrongeft 
tion of the oxygenated muriatic acid, without 
any kind of injury. 


Mr. Berthollet well knows, fince nobody has 
contributed more to afcertain, how much the 
properties of oxygene are diverfified by each 
particular bafis to which it unites; and it does 
not therefore feem warrantable to imagine that 
its action will not be modified by a bafis fo 
powerful as that of the common muriatic acid, 
or that the united properties of both fhould re- 
prefent or refemble thofe of atmofpheric air upon 
colours any more than they do in the lungs by 
refpiration, where, inftead of fupporting life, 
they would inftantly deftroy it. 


To afcertain, by well-directed experiments 
made upon each particular ingredient of the ma- 
teria tinctoria, in what ways, or by what changes, 
the colours of each are liable to be: injured, 
would doubtlefs contribute moft effentially to- 
wards perfecting the art of dying; fince it would 
not only help us to difcover more clearly by 
what properties each is fitted to abforb or com- 
bine with particular rays of light, and reflect 
others, but alfo through what particular defects 
fome are more fugitive than others : and having 
E 4 made 
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made thefe difcoveries, we might probably ba 
jed to the proper means of obviating or correct. 
ing fuch defects, fo as to render fugitive colours 
permanent, and improve thofe which are already 
confidered as fuch. 


Under this perfuafion I lately proje¢ted. vari- 
ous experiments upon the colours of differene 
dying drugs, calculated to afcertain the effects 
of light upon them, im vacuo, as well as when 
furrounded or covered by the feveral kinds of 
air, or by water, or alkohol, or the different 
acids, oils, or varnifhes, both in warm and in 
frofty weather; and alfo the effedts of the like 
agents and circumftances upon the fame colours, 
placed i in ob{curity; meaning, as far as might 
confift with the prefent ftate of chymical know- 
ledge, and the defects of our fenfes, inftruments 
and means when applied to fuch intricate and 
minute fubjeéts, to difcover what each colour 
had either loft or gained by the influence or con- 
tact of thefe feveral agents, and the changes of 
colour refulting in every inftance from fuch lof 
or gain; and flattering myfelf with the hope of 
being able in thefe ways to contribute greatly 
towards improving the knowledge and philofo- 
phy of colours. But having been called abroad 
during that part of laft Summer which was moft 
fuitable to the oreateft part of thefe ex Rpepine tite, 
I have found itneceffary to defer moft of them to 
the next favourable feafon, when they will be 
undertaken and profecuted with as much care 
and expedition as may be compatible with my 
other unavoidable avocations ; and an account 
of their refults will be publifhed in fome of the 
fubfequent volumes of this work, The fubject 


1S, 
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however, fufficiently extenfive and important 
to merit the attention and exercife the talents of 
abler philofophers, 


But until further difcoveries fhall have been 
made, we are only authorifed to conclude, that 
the permanent colours of natural bodies do not 
depend upon their thicknefles, fizes, or the denfi- 
ties of their feveral parts or particles, but upon 
certain affinities or attractions (chymical or phy- 
fical) by which they are difpofed to abforb and 
conceal fome of the rays of light, and to refleé&t 
or tranfmit other rays, giving the fenfations or 
perceptions of their refpective colours ; that 
the contact of light greatly contributes towards 
producing thefe affinities or attractions: but it 
only does this (as far as we yet know) either by 
promoting a combination or a feparation of the 
bafis of vital air in the different coloured-or co- 
louring fubftances.. But though moft of the 
changes of colour, in permanently coloured ho- 
dies, evidently depend on changes in their re- 
{pective portions of oxygene, | am far from 
thinking that this caufe operates exc lufively in 
all cafes, or that chymical knowledge is yet far 
enough advanced to juitify even an attempt to- 
wards a complete hypothefis refpeéting thefe 
molt abftrufe and moft interefting stitial hslbiona 


Should any one afk how oxygene atts in pro- 
ducing thefe affinities or attracti ons for particu- 
Jar rays of light, I thall only anfwer with M. de 
Buffon, that they who require the reafon of a 
general effect, do not confider either the infinite 
extent of Nature’s operations, or the narrow 
jimits of human underflanding. 
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Oe Fe PRE 


Of the Compofition and Struure of the Fibres of 
Wool, Silk, Cotton, Linen, &c. 


*¢ Ubi natura definit nobis incipiendum.”’ 


a 


B E FORE I treat of the communication or 
production of colours by dying or callico 
printing, it will be proper to ont bag concerning 
the particular natures and differences of wool, 
hair, filk, otton, linen, and hemp, upon which 
shel operations are u lually performed. The 
three firft are animal, the three laft vegetable 
fubftances, differing from each other in their 
conftituent parts and chymical properties, as 
well as in ftru€ture and organization. Mr. Ber- 
thollet has done much towards afcertaining the 
chymical differences and properties of thefe mat- 
ters; and the former has been found, by his ex- 
periments, to contain a large proportion of 
azote (of which the latter poffefs but very little), 
and alfo a much larger proparsics of hydrogene, 
than what belongs to vegetable matters: and as 
the azote and hydrogene. readily affume an elaf- 
tic form, the wool, hair, and filk, in which 
they abound, have lefs adhefion between their 
conftituent parts, or molecules, than what exifts 
between thofe of cotton, linen, and hemp, and 
are therefore more ftrongly difpofed, than the 
latter, to combine with other fubftances, when 
brought into contact with them ; and it is gas 


in consequence of this difpofition that wool, hair, 
and 
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and filk, manifeft ftronger affinities or attrac- 
tions for colouring matters generally, *than cot- 
ton, linen, or hemp *. {> ‘hey are alfo more 
readily decompofed, or injured by acids, alka- 
lies, and other chymical agents, which ought 
therefore to be more fparingly ufed in the dying 
of animal, than of vegetable fubflances: it 
being found that the fulpt juric, nitric, and even 
the muriatic acids decompofe wool, hair, anc 
filk (by feparating either their azote or their 
hydrogene, or both in fome cafes), and at the 
fame time deftroy, or greatly weaken the texture 
and connexion of their feveral fibres ; and that 
alkalies prove equally injurious, by combining 

with them : though filk is indeed not fo hable to 
és a€ted upon in th efe ways, becaufe it partakes 
in fome degree of the vegetable nature. 


It is from the fuperior chymical affinities, or 


attractions exifting in wool, hair, and filk, for 
colouring matters, that the facilities with wh ich 
thefe fubftances receive, and permanently fetain 
colours, principally refult; though fomething is 
doubtlefs to be afcribed to the differences” of 
conformation exifting between their fibres and 


* ¢. g. Cotton and linen will neither of them receive any 
colour by the fame preparation, and in the fame ‘liquor, 
which dyes wool or woollen cloth Acarlet, This is every 
day feen by the cotton edges of long ells, &c. which remain 
white after the reft of the cloth is become fcarlet. M, 
Dafay even caufed a piece of cloth to be manufactured, of 
which ake chain was wool, and the woof cotton. This was 
afterwards fulled, that both: night be brought into a fimilar 
ftate of pr eparat ion ; and the cloth being then dyed by the 
ufual proceis, the woollen threads contained in jt received a 
good f{carlet, whilft the cotton remained white. 


thofe 
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thofe of cotton, linen, and hemp, whichI fhall 
notice under their feveral heads. And, 


1, Of Wool. 


The value of this fubftance, and its fitnefs for 
the different kinds of manufacture, depend on 
the length and finenefs of its fibres; of which 
ample information may be found in a Memoir 
written by M. d’Aubenton, and printed among 
thofe of the Royal Academy of Sciences for the 
year 1779. The bufinefs of fpinning, and that 
of weaving, do not properly fall under my con- 
fideration ; but the operation of fulling deferves 
to be noticed, as being connected with circum- 
ftances which feem to have fome influence in the 
dying of wooland cloth, Fulling, according to 
Sir William Petty (See Spratt’s Hiftory of the 
Royal Society), ** is making the cloth to become 
thicker, with the diminution of its other dimen- 
fions, and the covering of its threads, fo as that 
the c&th fhall feem to be tranflated from the 
likenefs of a tela (all of whofe threads appear) 
to that of a hat which has no threads at all; for, 
by the way, the making of a hat (continues he} 
is the making of a tela, without {pinning or 
weaving, by a kind of fulling.” ‘* This thick- 
ening,” adds he, ‘is made by the fhortening of 
threads; this fhortening of threads by twilting 
of them; this twifting by the heat of the mill 

for fuch effeét vifibly hath heat on hair, &c.); 
this heat of the mill is excited rather by an un- 
equal motion, than by fire and fcalding water, 
as in hats; and the conftriction is furthered by 
oatmeal, earth, and urine, which are lets potent 

than 
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than the aftringent powders and liquors ufed 
about hats.” 


M. Monge has, however, lately given a better 
account of operations of felting and fulling (fee 
Ann. de Chymie, tom. vi. "p. 300, &c.), by 
which it appears, that the ‘* fhortening of 
threads” is not the effect of heat, or of any 
altringent power whatever, but an effect refulc- 
ing from th¢ external conformation of the fibres 
of wool, furr, 8c. which appear to be formed, 
either of {mall lamina placed over each other, 
in a flanting dire@tion, from the root towards the 
end or point of each fibre, like the fcales of fith, 
lying one over the other, in fucceffion, from 
the head to the tail; or of zones, placed one 
upon another, as in the horns of animals; from 
which ftrudture each fibre, if drawn from its 
root towards the point, will pafs fmeoothly 
through the fingers; but if it be drawn in a 
contrary direction, from the point towards the 
root, a fenfible refiftance, and tremulous motion 
will be fele by the fingers. This conformation 
difpofes the fibres of wool to catch hold of each 
other, and as they cannot recede, when acted 
upon by other bodies, they naturally advance, 
by a progreffive motion, towards, and befide 
each other, from the end towards the root; a 
difpofitiion which is very inconvenient to fpin- 
ning, and therefore the wool is greafed, that the 
alperities arifing from this ftructure of its fibres 
may be thereby covered, or fheathed, as a co- 
vering of oil fheaths thofe of a fine file. But 
the wool being manufactured, and the greafe no 
Jonger uleful, it is removed by {cowering, not 
only for the fake of cleanlinefs, but that it may 
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not fruftrate the procefs of dying. The cloth 
is therefore carried to the fulling mill, and there 
fubjeCted to the action of large beetles, with 
fullers earth and water, by which the cloth is 
not only fcowered, but its fibres, in confequence 
of the ftructure juft defcribed, being made to 
conjoin, and advance toward, and befide each 
other, become fhorter, and more clofely con- 
nected, or felted together, the warp and woof 
lofing in extent, but gaining progortionably in 
thicknefs. 


The lamina, or zones, under confideration, 
afford many interftices in the fibres of wool, 
fuited to receive and contain the particles of co- 
louring matters, when applied to them in the 
operation of dying; but thefe interftices being 
{mall, and the fibres of the wool naturally elaf- 
tic, no colour can be conveyed into thefe cavi- 
ties, until they are diluted by hot or boiling 
water; whereas filk, cotton, and linen, are 
made to receive colours without heat, as per- 
manently as with it. And this difference mani- 
feftly arifes from the fmallnefs of the interftices 
in which the colouring particles are depofited in 
wool, and the elafticity of its fibres, which 
make it neceffary to dilate them by hot or 
boiling water; and as the colouring particles 
arc only made to enter and depofit thermicives 
by an artificial dilatation, it follows that, when 
this ceafes, the filaments will again contract to 
their former fize, upon the colouring matters fo 
introduced, and hold them much more ftrongly 
than they are likely to be held in other fub- 
{tances whofe interftices are large enough to re- 
ceive colouring particles without being a 
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and which, therefore, cannot be fuppofed ‘ever 
to contract and comprefs them in the fame way : 
and this difference, joined to the fuperiour chy- 
mical attraction of animal fibres for colouring 
matters, will fufficiently explain why many co- 
lours dyed upon wool and hairs, prove fo much 
more durable than upon cotton or linen. Wool 
is naturally covered with a kind of oil, which 
would obftruct the procefs of dying, and is 
herefore to be removed, by what is called {cow- 
ering ; an operation fufficiently known. “Wool, 
when dyed in the fleece, takes up much more 
colouring matter than when fpun, and much 
more than when wove into cloth. Ic is alf 
more or lefs penetrated, according to the finenefs 
of its own texture, and the particular nature of 
the colouring matter with which it is dyed. The 
very coarfe wool taken from the thighs and tails 
of fome rams and theep, being never made to 
receive colours without difficulty ; and indeed 
the very fineft cloth is never thoroughly dyed 
{carlet, it being always found white within when 
cut, 


Wool taken from different breeds of fheep, 1 
various countries, is naturally of different co- 
lours; as white, pele reddifh, and black. 
Formerly all the flocks in Spain, excepting thofe 
of Andalufia, were of this laft colour, it having 
been preferred “ vearing by the native Spani- 
ards ; and this natural brownifh black 1s even at 
this time iisahad tured, and worn conftantly by 
fome religious orders in Roman Catholic coun- 
tries. The white wool, however, is now almoft 
univerfally Be iach to every other, as being 
fufcep tible of receiving better colours by dying, 

than 
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than any of thofe which are natural. Manufac= 
tures of wool, though fuperfluous to man in a 
ftate of nature, feem to be, of all others, the 
moft important in civilized fociety. 


Il. Of Silk. 


The phalena, bombyx, or filk-worm, feems 
firft to have become an object of human care 
and attention in China, where it fubfifted natu- 
rally from the earlieft times. According to the 
annals of that country, the wife of the emperor 
Hoang-Ti firft occupied herfelf in collecting the 
cocons which were found on trees, and in wind- 
ing off their filk, which was afterwards brought 
into ufe. 


Another fpecies of this infect 1s alfo found in 
China (the phalena atlas of Linnzeus); its co- 
cons are faid to be larger, and their filk much 
ftronger, than thofe of the other ; but being dif- 

icult to wind, it is commonly (pun. 


From China, filk was carried firft to Hin- 
doftan, and afterwards to Perfia; but it. does 
not feem to have been known in Greece or 
Rome until about the time of Auguftus, when 
its nature and origin being but little un- 
derflood, very confufed ideas were entertained 
of it; and during feveral ages it was fo {carce, 
as only to be bought by, at leaft, its weight in 
gold; and hence the emperor a rynelisit, as 1S 
related, refufed the prefling folicitations of the 
emprefs for a robe of filk, alleging that it would 
prove too coftly. In the year 555, however, 
two monks came from India to Conftantinople, 

4 bringing 


PERMANENT COLOURS, &c. 6¢ 


bringing with them a confiderable number of 
filk-worms, and inftructions for their manage- 
ment and propagation, as well as for collecting, 
winding, and manufacturing their filk; in con- 
fequence of which, eftablifhments were formed 
at Athens, Corinth, and Thebes, for profiting 
by this acquifition; and about the year 1130, 
Roger king of Sicily, returning from his cru- 
fade to the Holy Land, brought with him, from 
Athens and Corinth, feveral prifoners acquainted 
with the manufacture of filk, and management 
of filk-worms; and to avail himfelf of their 
knowledge in thefe refpects, he caufed fuitable 
manufactories to be eftablifhed for them at Pa- 
lermo and Calabria, and his example was foon 
followed in other parts of Italy, as well as in 
Spain; and it was attempted to be followed 
in England afterwards by James the Firft, who 
repeatedly urged the planting of mulberry trees, 
and the propagation of filk-worms, in the 
ftrongeft terms to his fubjects, though with but 
very little fuccefs. 


The fibres of filk are naturally covered with a 
kind of varnifh, or gummy fubftance ; and al- 
moft the whole of what we know in Europe, is 
moreover tinged of a yellow colour, which it is 
neceflary to remove, as well as the varnifh, for 
moft of the purpofes to which filk is applied. 
This is commonly done by fubmitting it to the 
action of foap, in circumftances which are al- 
ready fufficiently known, and which Mr. Ber- 
thollet has fo fully defcribed, as well as fome 
other means for anfwering this double purpofe, 
that I fhall add nothing more on this fubjec. 

When 
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When filk has been freed from both its gummy 
varnifh and its yellow colour, it is fometimes 
neceffary to whiten it {till farther, by the fumes 
of fulphur applied to it, and confined in a ftove. 
But though fulphureous acid gas, applied in this 
way, readily whitens the filk, and thereby ren- 
ders it more fit to exhibit lively colours, a por- 
tion of fulphur adheres to it, which muft be re- 
moved by foaking and agitation, for a confider- 
able time, in warm water, that it may not tar- 

nifh the colours intended to be given by dying ; 
an effeét which fulphur generally produces, both 
to thofe of wool and filk. ‘The luftre fo much 
defired in colours dyed upon filk, feems, in a 
great degree, to refult from the glofs and polifh 
of its furface, which acids, alkalies, and other 
chymical agents (particularly the folutions or 
oxyds of tin), contribute to impair, and are 

therefore to be fparingly ufed. 

Silk, in its difpofition to receive and retain 
colours for dying, feems to partake of a middle 
nature between that of the animal and vegetable 
fubftances: by its abundance. of azote and hy- 
drogene, it poftefies, like wool, a {trong attrac- 
tion for colouring matters; but its fibres having 
neither a fimilar or ganization, nor an equal de- 
gree of elafticity, 1t is capable of imbibing co- 
lours, like linen and cotton, without any pre- 
vious dilatation of its pores by hot water, but, 
Jike them, it parts with the colours fo imbibed 
the more eafily, in confequence of this natural. 
opennels, or the want of contraction, in its 
pores; though, upon the whole, colours dyed 
in Mlk are more lafting than when dyed in linen 
and 
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and cotton, on account of its greater affinity with 
colouring matters, refulting from its animal na- 
ture. 


In the year 1709, Mr. Bon, Firtt Prefident 
of the Chambre de Comptes at Montpellier, 
communicated, to the Royal Society of that 
city, a difcovery which he had made of a new 
kind of filk, from the very fine threads with 
which feveral fpecies of {piders entwine their 
egos; which threads were found to be much 
ftronger than thofe compofing the fpider’s web, 
They were eafily feparated, carded, and {pun, 
and then afforded a much finer and ftronger 
thread than that of the common filk, though 
fomewhat lefs gloffy. They were alfo found 
capable of receiving all the different dyes with 
equal facility. Three ounces of this new filk 
made a pair of durable ftockings of the largeft 
fize ; and as the {piders were much more proli- 
fic, and much more hardy than the filk-worms, 
great expectations were formed of benefit from 
this difcovery. M. Reaumur therefore took up, 
and profecuted the inquiry with zeal. He con- 
ceived that, when fpiders were artificially mul- 
tiplied for the production of filk, it would be 
impoffible to provide them fufficiently with flies, 
their natural food. “This, however, was foon 
removed, by his finding that they would fubfift 
very well upon earth worms chopped, and upon 
the foft ends or roots of feathers. But anew ob- 
ftacle arofe from their unfocial propenfities, and 
proved unfurmountable ; for though at firft they 
feemed to feed quietly, and even work together, 
feveral of them at the fame web, yet they foon 
began to quarrel, and the ftrongeft devoured 
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the weakeft, fo that of two or three hundred, 
placed together in a box, but three or four re- 
mained alive after a few days; and nobody 
could propofe to keep and feed each feparately. 
M. Reaumur ‘found their filk to be naturally of 
different colours; particularly white, yellow, 
fky blue, grey, and coffee-coloured brown. See 
Hitt. & Mem. de YAcad. Royale des Sciences, 
ann. 1710. 


HI. Of Cotton. 


The genus of cotton-bearing vegetables (Go/- 
Sypium, Linn.) confifts of feveral {pecies, and a 
multitude of varieties, moft of which are her- 
baceous annual plants; but fome are perennial 
fhrubs or trees; they differ alfo from each other 
in the length, finenefs, foftnefs, flexibility, and 
colours of the cotton which they feverally pro- 
duce. The climate is moreover fuppofed to 
have confiderable influence on the texture and 
quality of the different {pecies of cotton; that 
which grows neareft the equator being generally 
the moft efteemed. There are two fpecies 
which feem to have belonged originally to 
Siam; the firft is white, and of a long fine 
ftaple, capable of being fpun into very fine 
threads; this fpecies has been tranfplanted to 
the Weft Indies a confiderable time; the other 
is naturally of that brownifh buff colour which 
It retains in the pieces of cloth manufactured 
from it, and denominated zankins. The fhrub 
on which it grows has been lately introduced at 
Jamaica, and, I believe, at the Bahama Iflands. 
But a more remarkable {pecies of cotton, natu- 
turally of a crimfon colour in the pod, has been 
mentioned by different travellers as growing in 

Africa, 
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Africa, and principally in the Eyeo country. 
Mr. Clarkfon informs us, that a fmall fpecimen 
of it was brought home (to Great Britain) in the 
year 1786. He adds, that ‘ the value of this 
cotton would be great both to the importer, 
And the manufacturer of muflins: the former 
would immediately receive eight fhillings for 
a pound of it, and the latter would gain con- 
fiderably more by his ingenuity and tafte.” 
The cottons of Cyprus, and other parts of the 
Levant, are generally whiter, and their fila- 
ments more dry and elaftic, than thofe of other 
countries; and thefe peculiarities have been 
fuppofed to render the former particularly fuited 
to reflect, and permanently retain what is called 
the Turkey red. 


The manufacture of cotton has lately become 
one of the moft important in Great Britain. It 


was computed that twenty millions of pounds 
weight of unmanufactured cotton were imported 
into Great Britain in the year 1786. 


The flructure of the fibres of cotton has net 
been well afcertained. Lewenhoeck, by micro- 
fcopical examinations, found each of them to 
have two fharp fides ; and it feems to -be owing 
to this circumftance, or to their poffeffing fome 
afperities like the filaments of wool, that cotton 
greatly irritates and inflames wounds, ulcers, &c. 
if applied to them inftead of lint, from which 
they differ totally in this refpect ; and perhaps 
the particular ftructure which occafions this dif- 
ference, alfo occafions fome in the conformation 
and number of their pores, to which alone can 
be afcribed the difpofition which cotton mani- 

F 3 fefts 
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fefts to admit and retain colours better than 
linen, though not fo well as wool and filk, be- 
caufe its vegetable nature does not afford it 
equal attraction for colouring matters, 


M. le Pileur d’Apligny endeavoured to ex- 
plain the caufe why colours are lefs durable 
when dyed in filk; cotton, and linen, than in 
wool, by fuppofing that the pores of the three 
firft of thefe fubftances were fmaller than thofe 
of wool; and that therefore colouring particles 
could not enter into them fo eafily and freely as 
into thofe of wool. But the very reverfe of this 
fuppofition feems true, there being little diffi- 
culry in making filk, cotton, or linen imbibe 
colours, even when topically applied cold, with- 
out any artificial dilatation of their pores, which 
is neceflary in the dying of wool. The real 
difficulty, therefore, is not in making them 1m- 
bibe, but in making them retain the colouring 
particles when imbibed ; becaufe, being admit- 
ted fo readily into their undilated pores, they 
cannot be afterwards compreffed and held therein 
by any contraction of thefe pores, as is done in 
thofe of wool. We know that it requires twice 
as much cochineal to produce a crimion on filk, 
as on wool; which is a proof that it can take 
up a greater quantity, and confequently that its 
pores are at leaft fufficiently large and accefible : 
we know alfo, that unbleached cotton is always 
preferred for dying the Turkey red, it being 
found to retain the colour moft permanently ; 
doubtlefs becaufe its pores or interftices are lefs 
open before than after the operation of bleach- 
ing. This is alfo the cafe of raw or unfcoured 
filk, which, as the ingenious Mr. Henry of 
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Manchefter obferves, is “* more eafily and per- 
manently dyed than that which has paffed the 
above defcribed procefs” of whitening and fcour- 
ing : and indeed the opennefs of the pores of cot- 
ton and linen, and their confequent readinefs to 
imbibe, both colouring particles, and the earthy 
or metallic bafes employed to fix moft of them, 
are circumftances upon which the art of callico 
printing is in a great degree founded, ‘Topre- 
pare and difpofe cotton for receiving colours by 
dying or callico printing, it is ufually boiled in 
water, with a portion of vegetable or foffil al- 
kali, for about two hours, and afterwards rinced 
in clean water; or it may be foaked in water, 
acidulated with about one fiftieth of its weight of 
fulphuric acid, and afterwards rinced thoroughly 
in a clear ftream of water. 


Mr. Berthollet has fo well treated of the pre- 


paration of flax, and its converfion into linen; 
and this, as a fubject of dying, fo nearly agrees 
with cotton, excepting the circumftances already 
noticed, that I need offer nothing more refpect- 
ing It. 
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Of the different Kinds and Properties of colour~ 
ing Matter, employed in Dying, Callico Print- 
ing, &c. 


«© Toutes les chofes vifibles fe diftinguent ou fe rendent 
«© defirable par la couleur.”’ 
CotBert. Infiruétion general pour la Teinture, &c. 


B* colouring matter, I underfland a fubftance 

which poffeffes or acquires a power of acting 
upon the rays of light, fo as either to abforb them 
all, and produce the fenfation of black; or 
only to abforb particular rays, and tranfmit or 
reflect the others, and thereby produce the per- 
ception of that particular colour which belongs 
to the ray fo tranfmitted or reflected. 


Among minerals, the colouring matter of 
each is diftributed equally to all its parts; but in 
animal and in vegetable fubftances, it generally 
exifts in particular parts, or particles which are 
capable of being extracted for the purpofes of 
dying, &c. 


Colouring matters poffefs peculiar chymical 
properties, which diftitguifh them from all 
other kinds of matter; for befides their feveral 
affinities with particular rays of light, they have 
others which render them fufceptible of being 
acted upon, and modified by a variety of chy- 
mical agents, as well as of forming permanent 
combinations with the filaments of wool, filk, 
cotton, linen, &c. But in refpect of thefe affi- 
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nities, colouring matters alfo differ effentially 
from each other, and muft therefore be applied 
in different ways, and with very different means, 
to produce permanent colours in other matters. 
The art of dying is founded upon a knowledge 
of the particular properties and affinities of thefe 
matters, not only as far as they relate to the fub- 
{tances intended to be dyed, but alfo as far as they 
are connected with the operations of other agents, 
by which they are liable to be acted upon either 
during the procefs of dying, or afterwards. 


Many fpecies of animal and vegetable colour- 
ing matters fuffer nearly fimilar changes from 
the action of acids, alkalies, and other chymi- 
cal agents; from which it may be prefumed, 
that there is fomething of a common or fimilar 
nature in the conftitution of many of them. But 
though it would be highly ufeful to eftablith ge- 


neral principles and conclufions on this fubjeé, 
we are not yet furnifhed with the neceflary 
facts ; and whilft this continues to be the cafe, it 
will be beft to wait, or rather feek for more 
knowledge, and avoid fallacious fuppofitions or 
explanations. 


Sir Ifaac Newton fuppofed coloured matters 
to reflect the rays of light ; fome bodies reflect- 
ing the more, athers the lefs refrangible rays 
moft copioufly ; and this he conceived to be the 
true, and the only reafon of their colours. Mr. 
Delaval, however, has lately maintained (fee 
2d vol. of the Memoirs of the Philofophical and 
Literary Society of Manchefter), « that, in 
tran{parent coloured fubftances, the colouring 
matter does not reflect any light; and that 

when, 
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when, by intercepting the light which was 
tranfmitted, it is hindered from paffing through 
fubftances, they do not vary from their former 
colour to any other colour, but become entirely 
black :” and he inftances a confiderable number 
of coloured liquors, none of them endued with 
reflective powers, which, when feen by tran/mit- 
sed light, appeared feverally in their true co- 
tours; but all of them, when feen by incident 
light, appeared black : which is alfo the cafe of 
black cherries, black currants, black berries, 
&c. the juices of which appear red when 
fpread on a white ground, or otherwife viewed 
by tranfmitted, inftead of incident light ; and he 
concludes; that bleached linen, &c. ‘* when 
dyed or painted with vegetable colours, do not 
differ in their manner of aéting on the rays of 
light, from natural vegetable bodies; both 
yielding their colours by tranfmitting through 
the tranfparent coloured matter the hght which 
is refle€ted from the white ground:” it being 
apparent, from different experiments, ‘ that 
no reflective power refides in any of their com- 
ponent parts, except in their white matter only,” 
and that ‘* tranfparent coloured fubftances, 
placed in fituations by which the tranfmiffion of 
light through them is intercepted, exhibit no 
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colour, but become entirely black. 


«© The art of dying, therefore (according to 
Mr. Delaval), confifts principally in covering 
white fubftances, from which light is ftrongly 
reflected, with tranfparent coloured media, 
which, according to their feveral colours, tran{f- 
mit more or lefs copioufly the feveral rays re- 
flected from the white fubftances,” fince “ the 
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tranfparent media th emfelves ee. no light ; 
and it is evident that if they yielded their colours 
by reflecting, inftead of tranfmitting the rays, 
the whitenels, or colour of the ground on which 
they are applied, would not in any wife alter of 
affe&t the colours which they exhibit.’ 


Having had reafon to differ from Mr. Delaval 
on fome other points, I am happy in being able 
to agree with him on this, fo far as relates to 
tran{fparent colouring matters, when applied to 
wool, filk, &c. without the interpofition of any 
earthy or metallic bafis. But when any fuch 
opake bafis is interpofed, the refletion is doubt- 
lefs made by it, rather than by the fubftance of the 
dyed wool, filk, &c. and more eit when 
fuch bafis confifts of the white earth of alum, or 

the white oxyd of tin; which by their ftrong re- 
fiective powers greatly augment the luftre of co- 


lours, There are, moreover, fome opake co- 
louring matters, particularly the acetous, and 
other folutions of iron, ufed to ftain linen, cot- 
ton, &c. which muft neceflarily themfelves 
reflect, inftead of tranfmitting the light by which 
their colours are made perceptible. 


It has been already mentioned, that when the 
rays of light are feparated from each other by the 
prifm, in . confequence of their different degrees 
of refrangibility, they produce a perception of 
feven diftinét colours, with all their interme- 
diate fhades ; and that thefe are all equally fimple 
and primitive. There is, however, this pecu- 
liar property belonging to the red, yellow, and 
blue colours, whedier prifmatic or permanent ; 
that they are incapable of being produced, like 
all 
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all the reft, by the combination of any other co- 
lours. Blue and red will compofe a purple; 
blue and yellow, a green; red and yellow, an 
orange, &c. ; but none of thefe, by any compo- 
fition, will produce either the blue, ycllow, or 
red: thefe laft, therefore, are in all cafes fimple 
or uncompounded; but all the others may be, 
and in reality are, fometimes fimple and fome- 
times compounded; not only thofe which are 
merely prifmatic colours, but thofe which exift 
naturally in bodies, or are communicated by 
painting, dying, &c. Iron, as has been already 
siteeihading: will, by difctede degrees of oxyda- 
tion, produce all poffible varieties of colour; 
and thefe colours will be all imple or uncom- 
pounded ; and fo will the purple of gold, the 
green of copper, and the other colours found in 
the feveral oxyds of metals. This is alfo the 
cafe of the violet and purple dyed from log- 
wood; of the green colouring matter of the 
leaves, &c. of vegetables; of the green inner 
bark of elder, the green juice of the berries of 
the rhamnus catharticus, &c. ; and of the orange 
dyed from the quercitron bark, as will be here- 
after mentioned. And among animal colours, 
numerous inftances may be alleged of fimple or 
uncompounded greens, oranges, purples, and 
viele: even the yellowifh white liquor of the 
urpura, murex, and buccinum, from which the 

ii ethi Tyrian purple was produced, paffes 
quickly through all the fhades of yellow, green, 
violet, and purple, upon being expofed to the 
fun in atmofpheric air; and thefe muft neceffa- 
rily be deemed fimple, not compound colours. 
But on the other hand, dyers, painters, &c. 
daily produce orange, green, purple, and rie 
y 
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by mixtures of the blue, yellow, and red: nor 
is it neceflary that thefe fhould be intimately 
mixed, fince wool dyed of any two of thefe co- 
jours, if fpun and wove, will uniformly yeaa 
like the fimple homogeneous colour which, 
the feries of prifmatic colours, lies te 
them. It has been repeatedly found in dying 
compound colours, as for inftance, green, that 
laying a permanent blue over a fugitive yellow, 
does not defend the latter, or make it in any de- 
gree more lafting, but that it will decay (leaving 
the blue in full ftrength) as rapidly as if no blue 
had been applied; and therefore we may pre-+ 
fume, that the fibres of the dyed ftuff were but 
partly covered with the yellow colouring matter, 
and that when the blue came to be afterwards 
added, its particles found fpaces fufficient to 
lodge themfelves collaterally, without being 


5 . 
placed upon the yellow particles. 


Several attempts have been mace to arrange 
and clafs the different {pecies of colouring mat- 
ters employed for dying and callico printing ; 
but none feems to accord with, or give any juft 
ideas of, their feveral natures and properties. 
Mr. Berthollet indeed alleges fufficient reafons 
for not dividing thefe matters, as Mr. Mac- 
quer did, into extractive and refinous, and alfo for 
not making their effects depend, as Mr. Poerner 
has done, upon the mucilaginous, earthy, fa- 
line, refinous, or oily parts of which they were 
fuppofed to be compounded, but without pro- 
pofing any fuitable arrangement of his own. 


To me, however, colouring matters feem to 
fall naturally under two general claffes ; the firft 
including 
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including thofe matters which, when put into 4 
ftate of folution, may be permanently fixed, and 
made fully to exhibit their colours in or upon the 
dyed fubftance, without the interpofition of any 
earthy or metallic bafis; and the fecond, com- 
prehending all thofe matters which are incapable 
of being fixed, and made to difplay their proper 
colours without the mediation of fome fuch bafis. 
The colours of the firft clafs I fhall denominate 
fubftantive; ufing the term in the fame fenfe in 
which it was employed by Bacon Lord Verulam, 
as denoting a thing folid by, or depending only 
upon, itfelf; and colours of the fecond clafs I 
fhall call adjecive, as implying that their luftre 
and permanency are acquired by adjeétion upon 
a fuitable bafis. 


Of fubftantive colours, I fhall firfe notice the 
animal, thea the vegetable, and laftly the mi- 
neral, 


a: PR SY 
Of Subjtantive Animal Cologrs. 
s¢ ‘[yrigque ardebat murice lana.”’ Vir. 


T HE moft celebrated and precious of all the 
ancient dyes, was the purple, obtained 
from particular kinds of univalvular fhell-fith ; 
of which the beft, and almoft the only accounts, 
handed. down to us, may be found in the writ- 
ings of Ariftotle and Pliny, and efpecially of the 
latter, 
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latter, in whofe time the purple dye feems to 
have attained its greateft perfection. They, in 
different places, have briefly mentioned the dif- 
ferent fhell-fith from which the dye was obtained, 
how they were caught, and how their colour was 
prepared and applied to wool; but thefe ac- 
counts, from their brevity, were better fuited 
to excite, than fatisfy, an enlightened curio- 
fity. 


Pliny, inthe 36th chapter of his feventh book, 
ranges the different fhell-fith, giving the purple, 


under two genera: the firft comprehended the 
fmaller fpecies, under the denomination of Buc- 
cinum; fo called from their refemblance to a 
hunting horn; and the fecond included thofe 
denominated Purpura. Thefe Fabius Columna 
conceives to have been alfo diftinguifhed by the 


generic name of Murex ; though others fuppofe 


this to have fignified all the different {pecies ge- 
nerally. 


Many fabulous accounts have been given of 
the firft difcovery of the purple liquor, and its 
application as a dye, which feems to have been 
made at Tyre, about fourteen or fifteen centuries 
before the Chriftian zera ; and the Tyrian dye, in 
confequence thereof, became highly celebrated 
in different countries. 


The feveral fpecies of fhell-fith under confi- 
deration, were found as well on the European as 
the African coafts of the Mediterranean; and 
they appear to have given colours of different 
fhades ; and the liquors yielding thefe colours 
were frequently mixed with each other, in vari- 

5 ous 
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ous proportions; to produce other variations 
of colour: one, or at moft two drops, of this 
liquor were obtained from each fifh, by ex- 
tracting and opening a little refervoir, placed in 
the throat. But to avoid this trouble, the 
fmalleft {pecies, as we are informed by Ariftotle 
and Pliny, was generally bruifed whole in a mor- 
tar; and this, according to Vitruvius, was often 
done with the larger ; though the other fluids of 
the fifh muft have neceffarily debafed the colour 
in fome degree. The liquor, when extracted, 
was mixed with a confiderable portion of falt, to 
preferve it from putrefaction, and was then di- 
Juted with five or fix times as much ‘water, and 
_ kept moderately hot, in leaden or tin veffels, for 
the fpace of ten days, during which the liquor 
was often fkimmed, to feparate all impurities ; 
after which the wool, being firft well wafthed, 
was immerfed and kept therein for five hours, 
then taken out, carded, and again immerfed, 
and continued in the liquor until all the colour 
was exhaufted. To produce particular fhades 
of colour, nitre, urine, and. a marine plant, 
called Fucus, were occafionally added. Several 
of thefe varieties of colour have been particularly 
mentioned by ancient writers. One of them, 
which was very dark, feems to have been a vio- 
Jet, inclining towards the reddifh hue; “ Ni- 
grantis rofe colore fublucens.” Plin. lib. ix. 
feét. 50. Another, and lefs efteemed, was pro- 
bably a kind of crimfon ; but the moft efteemed, 
and that in which the Tyrians particularly ex- 
celled, refembled coagulated blood; “ laus ei 
fumma in colore fanguinis concreti.”  Plin. 
fect. 62. There was, moreover, a fourth kind, 
known in later times ; an accoynt of which may 

be 
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be found in Perrault’s tranflation of Vitruvius. 
Pliny fays, the Tyrians firft dyed their wool in 
the liquor of the purpura, and afterwards in that 
of the buccinum; the purple mentioned in Ex- 
odus, chap. .xxv. was alfo twice dyed. Wool 
which had received this double Tyrian dye (dia- 
bapha), was fo very coftly, that, in the reign of 
Auguftus, each pound of it fold for tooo Roman 
denarii (about 361. fterling). But left this 
fhould not fufficiently exclude the ufe of it, from 
all who were not invefted with the higheft digni- 
ties, laws were made, inflicting devere penalties, 
and even that of death, under the later empe- 
rors, upon all who might prefume to wear it. 
The art of dying this colour came at length to 
be practifed only by a few individuals, appointed 
and maintained by the emperors for that pur- 
pofe; and it being interrupted about the begin- 
ning of the 12th century, all knowledge of it was 
foon after loft, except what remained in the 
more ancient writings; and during feveral ages 
this celebrated dye was confidered and lamented 
as an irrecoverable Jofs. 


It happened, however, that Mr. William 
Cole of Briftol, being at Minehead about the 
end of the year 1683, heard, from two ladies 
there, of a perfon living at a fea-port in Ireland, 
«© who made confiderable gain by marking, with 
a delicate durable crimfon colour, the fine linen 
of ladies and gentlemen, fent him for that pur- 
pofe ;” and that this colour was ‘* made by tome 
liquid fubftance taken out of a fhell-fifh.” © Mr. 
Cole being a lover of natural hiftory, and having 
his curiofity thus excited, went in queft of thefe 
fhell-fifh ; and after trying various kinds without 
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fuccefs, he at length found confiderable quanti- 
ties of the buccinum on the fea-coafts of Somer- 
fetfhire, and the oppofite coafts of South Wales ; 
and after many ineffectual endeavours, he at 
length found the colour in a *¢ white vein, lying 
tran{verfely in a little furrow, or cleft, next to the 
head of the fifh ;” which, fays he, ‘© muft be 
digged out with the ftiff point of a horfe- hair pen- 
cil, made fhort and tapering, by reafon of the 
vifcous clamminefs of the white liquor in the 
vein, that fo by its ftiffnefs it may drive in the 
matter into thé fine linen, or white filk,” in- 
tended to be marked. Letters or marks made 
in this way, with the white liquor in queftion, 
«« will prefently,” adds he, ‘* appear of a plea- 
fant green colour, and if placed in the fun, will 
change into the following colours, i. ¢. if in the 
winter, about noon, if in the fummer, an hour 
or two after fun-rifing, and fo much before fet- 
ting (for in the heat of the day in fummer the co- 
lours will come on fo faft, that the fucceffion of 
each colour will fcarce be diftinguifhable ;) next 
to the firft light green, will appear a deep green ;” 
«© and in a few minutes this will change into a 
full fea green; after which, in a few minutes 
more, it will alter into a watchet blue; from 
that, in a little time more, it will be of a purplith 
red; after which, lying an hour or two (fuppof- 
ing the fun ftili fhining), it will be of a very 
deep purple red; beyond which the fun can do 
nomore.” He remarks, however, ‘ that thefe 
changes are made fafter or flower, according to 
the degree of the fun’s heat;” * but then,” 
adds he, ‘* the laft and moft beautiful colour, 
after wafhing in fcalding water and foap, will 
(the matter being again put out into the fun 4 
win 
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wind to dry) be much a differing colour from all 
thofe mentioned, 7. e. a fair bright crimfon, or 
near to the Prince’s colour; which afterwards, 
notwithftanding there is no ftyptic to bind the 
colour, will continue the fame, if well ordered, 
as I have found in handkerchiefs that have been 
wafhed more than forty times; only it will be 
fomewhat allayed from what it was after the firft 
wafhing.” Mr. Cole found, that, when linens 
marked with the white liquor in queftien were 
taken out of the fun, when the colours had only 
reached any one or more of the before men- 
tioned fhades, and fhut up between the leaves of 
a’book, the colour or colours made no farther 
progrefs whilft fo fhut up, but remained always 
of the fame fhade. He alfo found, that whilft 
linen marked with the white liquor was drying 
by expofare to the fun, for the firft time, it 
would always ‘* yield a very ftrong foetid fmell 
(which divers who fmelt it could not endure), as 
if garlick and affafcetida were mixed together ;” 
and this happens in cafes where linen, after 
being marked, had been fhut up in a book for 
twelve months before it was expofed to the fun’s 
rays. He alfo found, that the colour in linen 
which had been dried, and wafhed immediately 
after being marked, was better than when it had 
lain fourteen months between the leaves of a 
book, unwafhed. 


Mr. Cole fent fome of the firft linen marked 
by him in this way, to Dr. Plot, then one of 
the Secretaries of the Royal Society, in No- 
vember 1684; and it was foon after fhewn to 
King Charles the Second, who admired it 
greatly, and defired that fome of the fhell-fith 

G 2 might 
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might be collected and brought to town, that 
he might fee the liquor applied, and the fuccef- 
five changes of colour which it underwent; but 
before this could be done, the king died; and 
though Mr. Cole’s letter (from which the pre- 
ceding extraéts were made) was in the following 
year publifhed, in the fifteenth volume of the 
Philofophical Tranfactions, and excited the atten- 
tion of philofophers in moft of the countries of 
Europe, it does not appear that any attempt was 
made to revive the practice, along with the 
knowledge, of dying the ancient purple. 


After an interval of twenty four years, Mr. 
Juffieu found a fmall fpecies of buccinum, in 
form refembling the garden {nail, on that part 
of the French coafts which is wafhed by the At- 
lantic ocean, and prefented fome of them, in 
the year 1709, to the Royal Academy of Sci- 
ences at Paris; and in the following year, the 
celebrated Mr. Reaumur found great quantities 
of the buccinum on the coaft of Poitou ; and he 
moreover obferved, that the ftones, and little 
fandy ridges round which thefe fhell-fifh had 
colleéted, were covered with a kind of oval 
“ oraines,” fome of which were white, and 
others of a yellowifh colour; and having col- 
le€ted and fqueezed fome of thefe upon the 
fleeve of his fhirt, fo as to wet it with the fluid 
or liquor which they contained, he was agreeably 
furprized, in about half an hour, upon finding 
it {tained of a fine purple colour, which he was 
unable to difcharge by wafhing. ‘This was done 
upon the fea-fhore. He next collected a quan- 
tity of thefe grains, and carrying them to his 
apartment, bruifed and fqueezed different parcels 

of 
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of them upon bits of linen; but to his great fur- 
prize, after waiting two or three hours, no co- 
lour appeared upon the fpots wetted with their 
liquor. Unable to conceive the reafon of this 
difappointment, and having almoft determined 
to return again to the fea-fhore, and repeat his 
experiment in the fame place as before, he 
chanced to perceive fome purple fpots, occa- 
fioned by drops of the liquor which had acci- 
dentally fallen upon a part of the plafter with 
which the fides of the window were covered, and 
which, having been more ftrongly acted upon 
by the light, than the bits of linen wetted with 
the fame liquor in the interior part of the room, 
had become purple, though the day was then 
cloudy. Without, however, perceiving this to 
have been the caufe of his difappointment, he 
broke off a bit of the fame plafter, and carrying 
it to the back part of the room, where the bits of 
linen in queition were laying, he wetted it with 
the fame liquor, without its becoming coloured. 
He then thought of carrying the colourlefs bits 
of linen to the window, which was open, and 
there he foon perceived them to become purple. 
It was then fafhionable to explain all effects 
upon mechanical principles, as it was at the 
time when he alfo endeavoured to account for 
th® thock of the torpedo, as refultine mechani- 
cally from a very quick ftroke given by the con- 
traction of particular mutfcles in that fifh. Mr. 
Reaumur, therefore, foon perfuaded himfelf, 
and others, that the bits of linen which had re- 
mained colourlefs whilft at the back part of his 
room, were rendered purple at the window by 
the different manner in which the air aéted upon 
the colouring liquor in the latter; and that this 
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difference confifted folely in the air’s having 
greater motion at the window, than at a diftance 
fram it; and almoft all his fubfequent experi- 
ments feem to have been calculated to confirm 
this hypothefis. 


86 


He placed bits of linen, juft wetted with the 
colouring liquor, in the open air, and laying a 
ftone upon each, he found the covered part re- 
main colourlefs, whilft the reft were made 
purple ; which he afcribes to the mechanical im- 
preffion of wind, not confidering that the ftones 
kept off the light, as well as the air. Having 
read an account of Mr. Cole’s obfervations, in 
the Philofophical Tranfacétions, Mr. Reaumur 
expofed a bit of linen, wetted with the colour- 
ing liquor, to the rays of the fun, collected by 
a {mall burning glafs, and faw it become purple 
in an inftant; and confequently, without being 
able to diftinguifh any of the changes of colour 
through which it had fo rapidly pafled. Putting 
another bit of linen, wetted with the fame h- 
quor, fo near to the fire that it would have 
burned had it been dry, he likewife faw it be- 
come purple immediately ; but with equal de- 
grees of heat, the effects produced by the fun’s 
rays were beyond comparifon the greateft. 4 


Mr. Reaumur conceived the grains in quef- 
tion to be the eggs or fpawn of fome fifh, but 
whether of the buccinum, or any other fpecies, 
he was uncertain ; and under this uncertainty he 
propofed calling them ‘ Oeufs de Pourpre,” 
eggs of purple. The colour which they produced, 
was at leaft equal, if not fuperior in beauty, as 
well as durability, to that of the buccinum: 
though 
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though the colouring liquor of the latter was 
much thicker than that of the purple eggs, and 
not liable to pafs through the different changes 
of colour fo quickly as that of the eggs, except- 
ing when diluted. Having put fome of this di- 
luted liquor into two glaffes, and placed one of 
them in contact with the fun’s rays, and the 
other near the fire, the former became purple 
without any fenfible addition of heat, whilft that 
which was at the fire had only began to acquire 
the firft fhade of colour though it was fenfibly 
hot: and indeed he always found the colours 
produced by the fun to be more beautiful than 
any others ; a circumftance which he endeavours 
to explain, by fuppofing its rays to act mecha- 
nically, in changing the figures or arrangements 
of the particles of the liquor, in the fame way 
as he fuppofed the wind to change them, but 
with more efficacy. When Mr. Reaumur re- 
turned from the fea-coaft to Paris, he filled two 
phials with the diluted liquor of the buccinum, 
which he brought with him, and upon examin- 
ing them at the end of his journey, he found that 
one of them remained colourlefs as at firft, it 
being full of the liquor; the other, however, 
having been ill corked, had loft an eighth part 
of its contents, and had, as he fays, acquired a 
little colour ; which he attributes to the mecha- 
nical effects of fhaking from the phial imper- 
fectly filled. 


Mr. Reaumur perceived the fame difagreeable 
{mell of garlick from the liquor which Mr. Cole 
had before mentioned ; and he found it the more 
infupportable, as the heat of the fun or fire was 
the ftrongeft. The colour of the liquor was not 
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produced, or affected either by vegetable alkali 
(carbonate of pot-afh), or fulphuric acid: but 
a very little corrofive fublimate, put into the 
diluted liquor of the buccinum, inflantly ren- 
dered it blue, and the colour was foon precipi- 
tated with the mercury, to the bottom of the 
vefiel, leaving the liquor colourlefs; an effect 
which, as ufual, he endeavoured to explain me- 
chanically, by fuppofing the fublimate to confit 
of little globules, ftuck round with fharp points, 
which enabled it to change the arrangement of 
the particles of the liquor more expeditioufly, 
even than he had fuppofed it done by the wind. 
He found that the liquor of the buccinum tafted 
as hot as the hotteft pepper, whilft that of the 
purple eggs was faltifh ; but even this was fo 
vifcid, that it did not run, when topically ap- 
plied to linen, &c.; and as the eggs were, ac- 
cording to Mr. Reaumur’s account, fo plenti- 
ful’, that one man might collect half a bufhel of 
them in a few hours, there certainly is reafon to 
think that they would be highly ufeful, at leaft 
in calico printing, where their liquor might be 
applied, with the greateft facility, both for pen- 
ciling and printing, as a fubftantive topical co- 
lour, and where a fmall quantity would go far, 
efpecially upon fine mouflins. But at that time 
the art of calico printing had never been prac- 
tifed in France, and therefore nobody thought 
of applying Mr. Reaumur’s difcovery to that 
purpofe, 


About the beginning of the year 1736, Mr. 
Duhamel found the purpura (the buccinum only 
* See Mem. de l’Acad. Royale des Sciences, &c. 

an. 1711. j 
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having been difcovered by Cole and Reaumur) 
in great abundance upon the coaft of Provence; 
and found it to agree very well with the defcrip- 
tion thereof given by Rondelet. He found the 
vifcid colouring liquor of the fifh to be white, 
except in a few inftances, where it was green, 
which he fufpected to be fome morbid effec. 
The white liquor being expofed to the fun’s 
rays, aflumed the following colours: 1. a pale 
green and yellow; 2. an emerald green; 3. a 
dark bluifh green; 4. a blue, with a beginning 
rednefs; and 5. a purple; and thefe all hap- 
pened in lefs than five minutes. Linen wetted 
with the white liquor, and left all night ina dark 
room, had only become green in the morning; 
and this was alfo the cafe of linen wetted in like 
manner, and expofed all night in the open air, 
but fhaded from the moon’s light. A piece of 
linen, wetted in the fame manner, being partly 
expofed to the fun’s rays, and partly hid by a 
crown-piece of filver, the former became purple, 
whilft the latter was only green. Other linen fo 
wetted, being heated ina Dutch oven before the 
fire, or on a hot iron, became of a dark green, 
but not purple. The fumes of burning fulphur 
only produced a dark green; and this was more- 
over the cafe with the different coloured rays of 
the fun, applied feparately by a prifm. With- 
ing to fee whether evaporation tended to colour 
the white liquor, Mr. Duhamel put fome of it 
into a phial well ftopped; and, upon expofing it to 
the fun, found the liquor become of a reddith 
purple almoft immediately. A piece of linen 
wetted, and {tuck upon the back of a plate of 
polifhed glafs, three lines in thicknefs, and ex- 
pofed to the fun’s rays, became purple even 

before 
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before it had dried. Three pieces of linen fo 
wetted, being covered, one with white, a fecond 
with black, and the third with oiled paper, the lait 
foon became a good purple colour, but the others 
only became green. Linens wetted in like man- 
ner, and expofed to the light of the moon, 
or of burning wood or candles, became green, 
but not purple. LExpofure to the fun’s rays al- 
ways produced the purple, and moft expedi- 
tioufly, when its light and heat were ftrongett. 
The fun-fhine of the month of March having 
proved much more efficacious than that of Ja- 
nuary or February, the purple was inftantly pro- 
duced by the fun’s rays, collected under a burn- 
ing glafs. The liquor which Mr. Duhamel fuf- 
pected to be morbidly green, became purple 
fooner than the white liquor; a circumftance 
which does not indicate its greennefs to have 
been the effect of difeafe. In linens where the 
colour had ftopped at the green, without reach- 
ing the purple hue, it was foon carried off by 
boiling with foap, .foffil alkali, alum, &c. 
which the colours that had become purple with- 
ftood for a long time, and were not hurt by the 
fumes of burning fulphur. See Memoirs of the 
Royal Academy of Sciences, &c. 1736. 


Until Mr. Cole had difcovered the buccinum, 


of the changes through which its liquor and that 
of the purpura became purple. Ariftotle and 
Pliny had, indeed, both given intimations of 
their being primitively white; and Pliny had 
mentioned one of the intermediate colours, 
the green*., That the other changes were not 


2? « Color aufterus in Glauco, & irafcenti fimilis mari.”’ 
Lib. ix. fect. 60. 
more 
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more diftinétly noticed, muft be afcribed to the 
little attention then beftowed upon fubjects of 
natural philofophy, and perhaps to a want of 
fuficient communication with the purpurarit 
pifcatores, by whom the liquor was collected 
and falted. And there can be no doubt of the 
identity of the fhell-fifh employed by the 
ancients, and thofe difcovered by Cole, Reaumur, 
and Duhamel, or of the fimilitude of changes 
and means by which their feveral liquors be- 
came purple. In a collection of Anecdota 
Greca, lately publifhed by M.d’ Anfe de Villoifon, 
there is, as Mr. Berthollet mentions, a de- 
fcription of the manner of catching the fhell- 
fifh, employed for the purple dye, written by an 
eye-witnefs, Eudocia Macrembolitiffa, daughter 
of Conftantine the eighth, who lived in the 
eleventh century, while the knowledge and prac- 
tice of dying that colour for the ufe, and at the 
expence, of the Greek emperors ftill fubfifted; 
and from which it manifeftly appears, that in 
thofe times, as well as in ours, the purple did 
not acquire its due luftre and perfection until 
it had been expofed' to the fun’s rays. 


Thofe who are duly acquainted with the more 
recent chymical difcoveries, can only hefitate 
between two ways of accounting for the changes 
through which the liquors of the purpura and 
buccinum become purple; I mean, whether it 
be by gaining oxygene from the atmofphere, 
as happens when indigo acquires its blue colour ; 
or whether it be not rather by the feparation of 
a redundant portion of oxygene, naturally com- 
bined for fome unknown, but neceffary purpofe 
in the liquor of thefe fhell-fifh; and in that 

particular 
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particular ftate which will not admit of its being 
feparated without the application and affiftance 
of light; as is alfo the cafe of horned filver, ren- 
dered purple by the fun’s rays; of vegetables, 
rendered green by the fame caufe, after they had 
become white by growing in darknefs ; of 
peaches, purple grapes, and other fruit, which 
never acquire their proper colours by any degrees 
of heat, but always remain white or green if 
fhaded and fecluded from the contact of the fun’s 
rays. A very few experiments which I hope to 
have an opportunity of making hereafter, would 
afcertain this point beyond the poffibility of 
doubt; though in fact there is, I think, at prefent 
very little room to doubt but that the purple, 
under confideration, is produced in the laft of the 
two ways juft mentioned. 


The celebrated Fontenelle, in giving his 
account of Reaumur’s difcovery of the purple, 
began by obferving, that not only more things 
were found in modern than had been loft in 
ancient times, but that it was even impoffible 
for any thing to be loft unlefs mankind were 
willing that it fhould remain fo; it being only 
neceflary to fearch in the bofom of nature where 
nothing is annihilated ; and that to be certain of 
the poffibility of a thing’s being found, was a con- 
fiderable ftep towards finding it. But before 
the buccinum and purpura were found by Cole, 
Reaumur, and Duhamel, America had been 
difcovered, and new dying materials obtained 
from thence, fuperior in beauty, and efpecially 
in cheapnefs, to thofe fo highly valued in ancient 
times, at leaft for wool; though it muft be con- 
feffled that no other fubftance will afford a 

durable 
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durable fubftantive purple to linens or cottons, 
capable of being topically applied with fo mucl 

fimplicity and expedition ; and for thefe reafons 
it feems probable that the difcoveries of thefe 
Gentlemen might ftill be applied with advantage 
in ftaining or printing fine muflins, for which 
but little “colouring is required. And indeed, 

there was a fpecies of buccinum found about a 
century ago near Panama, and particularly on 
the coafts of pe Ha and Guatemala, of 
which conftant ufe appears to have been made 
in thofe countries for purpofes of dying cotton. 
Juffieu the elder, Thomas Gage, and others, 
have mentioned them; Don Antonio Ulloa, in 
particular, fays, ‘* they are fomething larger than 
a nut, and contain a juice which, when exprefied, 
is the true purple; for if a thread of cotton or 
the like be dipped into this liquor, it becomes 
of a moft vivid colour, which repeated wafh- 
ings are fo far from obliterating, that they rather 
improve it ; nor does it fade by wearing.” ‘cl as 
precious juice,” continues he, “ is extraéted 
by different methods ; fome take the fith out of 
the fhell, and laying in on the back of the hand 
prefs it with a knife from head to tail, feparating 
that part of the body into which the compreffion 
has forced the juice, and throw away the reft.” 
This being done, ‘ they draw threads through 
the liquor which is the whole procefs ;. but the 
purple tinge does not appear immec liately, the 
juice being at firft of a nth y colour, from which 
it changes. to a green, and, laftly, to this cele- 


brated purple.” 


Snails, with the fame property, exift in various 
other parts of the world, Mr. John Nicuhoff 
relates 


a 
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relates that ‘* abundance of purple fnails are 
found in the iflands over againft Batavia.” 
«© They are boiled (adds he) and eaten by the 
Chinefe, who have a way of polifhing the fhells, 
and pick out of the middle of the {nail a certain 
purple-coloured fubftance which they ufe in 
colouring and making red ink, 


In the fiftieth volume of the Philofophical 
Tranfactions, Dr. J. A. Peyfonnel, F.R. S. 
then refiding at Guadelupe, defcribes what he 
calls the naked {nail producing purple, ‘ Limax 
non cochleata, purpur ferens,”’ as found in the 
feas of the Antilles, and ‘ precious for the 
beautiful purple colour it produces in the fame 
manner that the cuttle-fifh produces its ink.”’ 
«© There is (continues he) a hollow in the 
back of the animal where the canal, filled with 
areddith juice, paffes out carrying it to a fringed 
body like a mefentery ; and it is there the purple 
juice is brought to perfection.” ‘ When the 
animal is touched, he makes himfelf round and 
throws out his purple juice as the cuttle-fith 
does his ink: this juice is of a beautiful deep 
colour; it tinges linen, and the tin¢ture is dif- 
ficult to get out.” 


It is however to be remarked, that the liquor 
ef the naked {nail exifts naturally of a purple 
colour, without the application of light; a cir- 
cumftance which denotes very different proper- 
ties. In Brown’s Hiftory of Jamaica, there are 
defcriptions of two fhell-fifhes having a fimilar 
colouring liquor; one is termed ‘‘ the larger 
dark lernea, or fea-fnail, frequent in the Ameri- 
can feas.” Dr. Brown obferves, that ** on touch- 

ing 
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ing this creature, it emits a confiderable quantity 
of vifcid purple liquor, which thickens and 
colours water about it fo much that it can 
fcarcely be feen for fome time after, by which 
means it is generally enabled to make its efcape 
in timesof danger.” ‘*I have gathered,” adds 
Dr. Brown, “a fmall quantity of the difcharges 
of this creature, and ftained a linen handkerchief 
with it; it gives a very beautiful dark purple 
colour which is not apt to change with either 
acids or alkalies; but is eafily wafhed out :” 
a circumftance in which it totally differs from 
the buccinum, &c. as well as in that of liquor 
being naturally emitted of a purple colour. 
The other of thefe thell-fith is termed the purple 
ocean fhel]l, and upon being touched, “ it dif- 
fufes a beautiful purple liquor,” fays Dr. Brown, 
which feems to refemble the former. The 
fepia, or cuttle-fifh, has long been known to pro- 
vide for its fafety in like manner, by difcharging 
in times of danger a vifcid bitter black fluid, 
which Rondolet feems with reafon to have con- 
fidered as its bile, It was ufed as ink by the 
Romans; and is faid at this time to form 
the bafis of Chinefe ink. I fufpect however, 
that neither this, nor the liquor of either Dr. 
Brown’s fhell-fifhes, or of Dr. Peyfonnel’s naked 
{nail, poffefs {uch properties in dying, as to 
merit the denomination of fubftantive colours, 


Being at fea in the year 1783, on my paflage 
from London to Philadelphia, J caught the 
holuthuria phyfalis of Linneus, called the man 
of war, or Portugueze man of war, by Enolith 
feamen. Some of them are of a_ beautiful 
crimfon, though this was of a fine purple colour, 

and 
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and when cut open, yielded a fluid of the fame 
colour, with fome of which I ftained the corner 
of a cambrick handkerchief, which was after- 
wards wafhed in its turn, with about two dozen 
more, during nine months which IJ paffed in 
America, without having, as far as I can re- 
member, loft much of its colour; but foon 
after, upon my return to London, it was picked 
out of my pocket, before I was able thoroughly 
to afcertain how far the very acid liquor of the 
holuthuria phyfalis would yield a permanent 
fubftantive dye. 


There are feveral other animal matters which 
feem worthy of being tried for dying, and par- 
ticularly a large green worm, infefting the 
tobacco plants in North America, and which, 
upon being bruifed, yields a confiderable por- 
tion of green liquor, which indeed I have not 
had an opportunity of trying, fince the idea of 
its probable utility in this way occurred tomy 


mind. 


Mr. Martin Lifter (fee Philofophical Tranf- 
actions, vol. vi.) obferves, that “* the common 
hawthorn caterpillar will ftrike a purple, or car- 
nation, with lye, and ftand; the heads of beetles 
and pifmires will, with lye, ftrike the fame car- 
nation colour, and ftand; and the amber-co- 
Joured fcolopendra (adds he) will give, with lye, 
a moft beautiful and pleafant amethyftine, and 
ftand :” but whether he means that they will ftand 
in this way, when applied to paper only, or to 
the fubftances ufually made to receive dyes, does 
not appear. In another part of the fame vo- 
lume, Mr. Lifter mentions an infect (cimex), 

whofe 
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wal egos, bruifed upon white paper, ‘ ftain 
t of themfelves, without any addition of falt, of 
a a lively vermilion colour.” 


C} Mh AsBos: V. 
Of Vegetable Subfiantive Colours. 


*¢ Combien de tentatives n’aura t’on pas fait avant que 
«© de parvenir au point d’appliquer convenablement 
les couleurs fur les etoffes, et de leur donner 
cette adherence et ce luftre qui fait le principal 
merite de ]’art du teinturier, un des plus agre- 
ables, mais en meme temps un des plus difficiles 
qu’on connoiffe !’’ Goque Tt de POrigine de: 
Lois, des Arts, et des Sciences, Sc. tome premier, 4to. 


NDIGO is probably the moft ancient of 

all vegetable colouring matters within our 
knowledge, though not ufed for dying in Europe 
until near the middle of the fixteenth century. 
Pliny mentions a fubftance brought from India, 
and termed Indicum, which was doubtlefs in- 
digo; though he appears to have had but very 
inaccurate ideas of it, and to have confidered 
it as the fcum, or exudation of certain reeds ad- 
hering to mud: ‘ ab hoc maxima auétoritas 
Ladico: ex India venit arundinem fpume ad- 
herefcente limo, cum teritur ng crum, at in di- 
luendo mixturam purpure cerul leique mirabilem 
reddit.”  Plinii, J. xxxv. c. vi.” Duofcorides 
thought it a ftone. 


We have no reafon to believe, that either the 
Greeks or Romans ever knew how to diffolve 
indigo, or ule it for dying, or any purpofe bug 

H that 
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that of painting; though it undoubtedly was 
ufed long before, as a dye in Hindoftan. The 
firft indigo employed in this way by Europeans, 
was brought by the Dutch from India. A fpe- 
cies of the plant, from which it is there ex- 
tracted, was foon after recognized, and made 
ufe of for that purpofe, by ‘the Portugueze in 
Brazil, where it grew f{pontanecufly, as it alfo 
did in other parts of America. Clavigero, in 
his Hiftory of Mexico, mentions indigo as hav- 
ing been prepared, and ufed by the Mexicans, 
before the Spaniards arrived in that country ; 
and he gives an account ({uperficial indeed) of 
the procefs for obtaining it. Hernandes had 
long before defcribed the indigo plant as being 
indigenous in Mexico, and employed by its an- 
cient inhabitants ; and Ferdinand Columbus, in 
his Life of Chriftopher Columbus, mentions it 
as one of the native plants of Hifpaniola. 
Though the Abbé Raynal afferts, that it was 
tranfplanted from the Eaft Indies to America ; 
which can only be true of one of the fpecies, the 
mdigofera tinctoria Linn. 


There are various fpecies of the indigofera, 
or indigo plant, growing in China, Hindoftan, 
Japan, Java, and Madagafcar, as well as in 
America, and differing confiderably from each 
other ; though their feveral peculiarities have not 
been well afcertained. ‘Three fpecies only of 
this genus are cultivated in America. The firft, 
and {malleft, is the indigofera tinétoria of Lin- 
nzeus, which is neither fo hardy, nor is its pulp 
fo good, as that of the others ; though it yields 
much mor e, and is therefore generally preferred 

#o both, This is what the French call indigo- 

franc. 
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franc. The fecond is the indigofera difperma 
Linn. or Guatimala indigo plant, which grows 
much higher, is hardier, and affords a_ better 

ulp than the former. Ke third is the indigo- 
+ argentea, or wild indigo, called indigo ba- 
tard by the French, which is hardier than either 
of the others, and yields the fineft pulp, though 
the leaft in quantity. 


The indigo plant being cut at maturity, by 
rape hooks, a few inches above the ground, is 
laid by ftrata in a fteeper, then overlaid with 
boards, and covered with water; in which it is 
left to digeft and ferment until the pulp is ex- 
tracted. To afcertain when this is done, or 
when the fermentation has rifen fufficiently high, 
and continued a fufficient time, handfuls of the 
plant are drawn out every five minutes; and 
as foon as the tops become both tender and 


fo) 
tender, are found to be pale, the liquor is 


drawn off immediately into the beaters: doing 
this too foon would occafion the lofs of a great 
part of the pulp; and fuffering the liquor to 
ferment too long, would fpoil the whole. 


ale, and the ftronger leaves, without being 
pate; & 


When the liguor is all difcharged into the 
beaters, it is agitated with buckets, or by fuit- 
able machines, until the tin¢ture begins to gra- 
nulate, or colleét into little flocule; and to 
haften this kind of granulation, or feparation, it 
has long been ufual to add clear lime water, in 
greater or {maller quantities, until the liquor, in 
which the d/ue floculz are fufpended, becomes, 
in other refpects, colourlefs. Great attention 
and exactnefs are neceflary in this, as well as in 

H 2 the 
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1e former procefs, to render che ale of the 
‘util perfect ; it is moreover requif ite that the 
lime water employed fhould be perfectly Tey 
otherwife it will render the indigo hard, heavy, 
and of a greyifh caft, 


The liquor having been fufficiently agitated, 
and impregnated with lime water, is left at reft, 
that the particles of the indigo may quietly fall 
to the bottom; and this being done, the clear 
water 1s drawn off by a tap, placed Fut above 
the top of the feculence or magma, w hich 1s af- 
terwards difcharged, by an opening below, into 
another receptacle, and from thence conveyed 
into linen bags, which are fufpended in order to 
Jet the water drain off; and this being done, the 
indigo is put into little {quare boxes, or formed 
by hands, into fmall lumps of different fizes and 
figures, and afterwards dryed in the fhade. 


Indigo feems to confift chiefly of a partic ular 


vegetable bafis, united to a large portion ot 


oxygene, to which its colour is principally 
owing, and for which it has a ftrong seuraet ion. 
In the firft operation, that of fteeping and fer- 
menting the plant, this bafis is not only diffolved 


and extracted by the water, but a portion of 


pure air is abforbed (as is the cafe in all fimilar 
fermentations), fome of which combines with 
the bafis of indigo, which would indeed abforb 
fo much as to become black by a kind of com- 
buftion, if the fermentation were not previoufly 
ftopped. In the fecond operation, by beating 
and agitating the liquor, a farther addition 1s 
made of oxygene, accompanied with a propor- 
tionate change of colour, through the feveral 


fhades 
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fhades of green progreffively to thofe of blue; 
and alfo a colleétion of the very minute coloured 
particles into little diftin¢ét maffes, or flocula. 
This is fomewhat analogous to the effects of 
churning on crear, or of violent fhaking upon 
ink in a bottle, by which its colouring matter 
foon forms large granulations, and falls to the 
bottom, where it continues incapable of being 
ever afterwards re-diffolved, or fufpended by 
the water, which it leaves perfectly clear. The 
addition of lime water farther promotes the fe- 
paration of the blue particles, by abforbing the 
carbonic acid produced by the previous fermen- 
tation of the liquor, and {till contained in it. 


At that precife ftate when the indigo is of a 
full deep green, and before any perceptible fe- 
paration or collection of its coloured particles 
has taken place, it ts, | am perfuaded, in the 


{tate the Beft fuited of all others to dye the moft 
permanent, if not the mof ftlively colours. The 
remainingparts of the chia s ferve only to col- 
leét the {ubftance of the indigo into a dry folid 
form, ingwhich it may be more conveniently 
prefervell, and tranfported to diftant countries for 
after ufe. 


I have mentioned that too much fermenta- 
tion, during the firft pare of the procets, would 
produce a beginning of combuttion, and black- 
nefs in the pulp of the indigo; and the like 
effects refult from too much beating, or agita- 
tion in the fecond. On the other hand, if the 
coloured particles were feparated by lime water, 
before they had acquired a fufficiency of oxygene 
by agitation, the indigo would have a greenifh 
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caft, which is carefully avoided, as it might 
feem an unfavourable circumftance to perfons 
unacquainted with the true caufe; though I am 
inclined to believe that fuch indigo would, in 
fome refpects, be preferable to the other, efpe- 
cially as it would be more eafily brought into 
the {tate of folution neceffary for dying. 


Indigo differs confiderably in colour; though 
its differences in this refpect may be compre- 
hended under three general divifions ; the blue, 
the violet, and the copper-coloured; and each 
of thefe is the more pure and valuable, in propor- 
tion as it is more light: the lighteft indigo is 
always blue, and fells for the higheft price ; 
this is more efpecially employed for dying 
Saxon blue. It is not yet known (though it has 
long been a defideratum) how either the blue, 
the purple, or the copper-coloured indigo may 
always be certainly produced, at the option of 
the operator. I fhall hereafter offer fome con- 
jectures on this circumftance. 


Of American indigo, that of Guatimala is the 
moft efteemed; but of this there are three 
forts, the copper, violet, and blue; the laft and 
beft is termed Flora by the Spaniards, and it 
floats on water. The indigo of Java was for- 
merly moft cfleemed in the Eaft Indies; but 
the culture of the indigo plant having of late 
been greatly encouraged within the Englifh Eaft 
India Company’s poffeffions, indigo, fuperior 
even to that of Guatimala, is now brought from 
thence in confiderable quantities. The whole 
quantity imported annually into Great Britain, 
confiderably exceeds one million of pounds 

weight, 
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weight. One Englifh acre of rich land, by pro- 
per cultivation and management, may be made 
to yield five hundred pounds of indigo annually. 
The lighteft and beft indigo burns almoft wholly 
away, leaving but a very {mall portion of white 
afhes behind. 


The fame colours, and fhades of colour, may 
be given by all the different kinds of indigo ; 
which feem therefore to differ principally by con- 
taining more or fewer impurities, and confe- 
quently more or lefs colouring matter. Water 
diffolves the mucilaginous, and fome of the ad- 
ventitious parts of indigo; of which alkohol 
diffolves others; but neither can diffolve any 
part of its colouring matter; and this is alfo 
true of all the alkalies, whether cauftic or 
aerated, and of all acids, the nitric and fulphuric 
excepted. There are, indeed, but two ways in 
which indigo, when once formed, can be dif- 
folved : the firft of thefe is by means which attack 
its bafis, by fuperadding a farther portion of 
oxygene; the other is by fubftances which ab- 
forb and take away from indigo a confiderable 
part of the oxygene combined with it, fo as 
thereby to render its-bafis liable to be acted upon, 
and diffolved by the pure or cauftic alkalies. 


In the firft of thefe ways, fire fpeedily decom- 
pofes indigo: the nitric acid alfo, when concen- 
trated, attacks it fo powerfully, as to produce 
actual ignition; and even when diluted it not 
only deftroys the blue colour immediately, but 
diffipates the greateft part of its fubftance, in the 
form of vapour, by a flower combuttion, leaving 
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behind a rufty iron-coloured gummo-refinous 
mafs, foluble in alkohol, and partly fo in water, 
but of no ufe, 


Indigo reduced to powder, and mixed with 
five or fix times its weight of ftrong fulphuric acid 
(oil of vitriol), will be attacked with confiderable 
activity and heat; and in about twenty-four 
hours it will be diflolved. When acted upon by 
this acid, the colour of the indigo is rendered 
more lively and beautiful by the addition of a 
farther portion of oxygene, though it becomes 
lefs durable, becaufe the bafis is made weaker 
by the action and further addition of oxygene ; 


but more of this when treating of the Saxon 
blue. 


The muriatic acid, in its moft concentrated 
ftate, has no fenfible aétion upon the pure co- 
louring matter of indigo, though it diflolves 
fome other parts of it. By an equal mixture of 
nitric and muriatic acids, indigo was rapidly dif- 
folved, and its colour deftroyed, nearly in the 
fame way as by the nitric acid only. 


Having produced a mixture of vitriolic and 
murtatic acids, by pouring a fufficient quantity 
of oil of vitriol upon fea falt, I found it diffolve 
the indigo more flowly indeed than the fulphuric 
acid alone; but the folution feemed to anfwer 
equally well for the purpofes of dying. It mutt 
be obierved, however, that neither the fulphu- 
ric, nor even the aitrous acid, when greatly di- 
Juted, are capable of diffolving the colouring 
matter of indigo. 

The 
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The oxygenated muriatic acid aéts but ver 
feebly upon indigo, whilft in’ fubftance; but 
when diffolved ‘i {troys the colour. Mr. Ber- 
thollet availed himfelf of this circumitance, to 
obtain a meafure for afcertaining the proportion 
i a pnts of colouring matter in different 
kinds of indigo, by finding how much of the 
muriatic acid was neceffary to deft: ‘oy the colour 
of a given quantity of indigo, algal dif- 
folved by fulphuric acid. | think, | lowever, 
this might be done with wise by feeing 
how much wool a Bien quantity, fo diffolved, 
would dye of a particular fhade. J have found, 
that, by ad ling a litele m: anganee to the folu- 
tion of indigo, by oil of vitriol, the blue colour 
was deftroyed as efficacioufly, and in the fame 
way, as by oxygenated muriatic acid. 


The tartarous, acetous, phofphoric, fluoric, 
and other acids, feem to have no action on the 
colouring matter of indigo, 


None of the alkalies, either pot-afh, foda, or 
ammoniac, whether mild or cauttic, have any 
action upon the colouring matter of indigo, un- 
lefs when it has been previoufly diffolved by vi- 
triolic acid, or de eprived of a portion of oxygene, 
as will be hereafter explained ; nor has ime 
water any power of diflolvi ing it. 


In the fecond, and only w ay of diffolving in- 
digo, without leff lening the dur rability of its co- 
lour, there is no one fubftance €, or agent in na- 
mihi capable of producing this fet ; but it re- 
fults from the concurrent ation of different 
agents, 


Previous 
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Previous to the ufe of indigo in Europe, the 
blue dye was obtained folely from the ifatis 
coehun), or woad, of which there are two {pe- 
cies; the ifatis tinétoria (commonly cultivated 
in. this kingdom), and the ifatis lufGitannica 
Linn. of which the laft is fomewhat fmaller than 
the firft. This plant being cut down at matu- 
rity, wafhed, and then expeditioufly dryed in 
the fun, is afterwards grout nd in a mill, then 
placed in heaps, fecured (by being covered) 
from the rain, and left to ferment during four- 
teen or fifteen days ; the external and Internal 
parts are then well mixed together by ftirring, 
and the whole is formed into balls, piled upon 
each other, and expofed to wind and fun, in 
order that the remaining humidity may evapo- 
rate: but while this 1s doing, the balls begin 
again gradually to ferment, become hot, and 
exhale a portion of ammoniac, or volatile al- 
kali; and if neceflary, the heat and fermenta- 
tion are promoted, by occafionally wetting the 
mafs until it affumes the form in which it is 
commonly offered for fale. The proper modes 
of conducting the fermentation, and the exact 
times at which it ought to be ftopped, ftill re- 
main fo uncertain, that thofe who make ic their 
bufinefs to prepare woad, have no certain facts 
or indications to govern their management in 
thefe refpects ; and the goodnefs o of any parti- 
cular quantity, or mafs, can never be afcer- 
tained otherwife than by the aétual ufe which 
the dyer makes of it. The article is therefore 
bought and fold under the greateft uncertainties 
refpecting its true value and fitnefs to anfwer the 
purpofes for which it is intended, 


The 
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The ifatis contains the bafis of a blue colour, 
very fimilar to that of indigo; but, by the pro- 
cefs juft defcribed, this bafis receives the changes 

which arife from gene ie without being 
extracted from the plant, and collected, like 
indigo, into dittina maffes. Attruc, however, 
fome years ago, maintained the practicability of 
obtaining indigo from the ifatis; and this has 
been lately done in Germany, by a procefs fo 
nearly refembling that employed for producing 
indigo, as not to merit a particular defcription. 
Mr. @ Ambourney has alfo done the fame thing 
Jately at Rouen, in fmall quantities. But it 
feems probable, that, except for afcertaining the 
practicability of doing this, no benefit will ever 

efult from it, fince the indigo may doubtlefs be 
produced in, and imported from, other coun- 
iries, with much lefs expence than it will coft 
when obtained in Europe from woad. Mr. 
d’Ambourney mentions the “ /ymbe violet,”’ 
violet border, as a fign of the maturity of the 
paftel or woad; that in fermenting it with water 
to make indigo, the liquor on:the third day ap- 
peared green, “but the furface was covered with a 
kind of 2/ue powder: that on the fourth day the 
leaves of woad feeming fufficiently macerated, 
and exhaling an acidofcetid odour, were taken 
out, and the remaining liquor appeared of an 
olive colour: that on the fifth day, finding in it 
no difpofition to a feparation, and fubfidence of 
colouring matter, he put into it a portion of 
cauftic foap lees, and beat it with rods to pro- 
mote this precipitation; after which the olive 
colour became of a duck green, then of a flate- 
coloured blue, with a bluith froth. Mr. d’Am- 
hourney found, in fermenting the leaves of 


pattel, 
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paftel, that the addition of an alkali, before the 
green colour was formed, wholly prevented it 

and that a putrid fermentation took place in its 
ftead. He concludes, that one hundred pounds 
of the leaves may yield about one pound and a 


half of indigo. 


W oad alone dyes a blue colour very durable, 
but lefs vivid and beautiful than that of indigo; 
it is therefore, at prefent, never ufed except 
with indigo, in what is called the woad-vat, in 
which it is made to ferment with water, by a 
fuitable degree of warmth, and the addition of 
bran, with other vegetable matters: to thefe, in- 
digo and lime are afterwards joined; and the 
indigo being deprived of a portion of its oxygene 
by the fermenting vegetable fubftances, is theré- 
by rendered foluble by the lime; and being in 
this way foon combined with the colouring mat- 
ter of the woad, both forma dying liquor, blue 
or copper-coloured on the furface, where it can 
re-abforb the oxygenous gas, but green imme- 
diately beneath the op and throughout the 
whole mafs. When the liquor becomes, and 
while it continues, green, it is fit fordying; and 
cloth or wool « lyed with it, though they appear 
ereen when taken out, become “blue immedi- 
ately, by attracting and combining with the ox- 
ygene; the lofs of which had previoufly ren- 
dered the liquor of the woad-vat green. The ufe 
of indigo had fcarcely been introduced into Eu- 
rope, before it was prohibited in fome countries, 
from a perfuafion that its colour was fugitive ; 
and in France, under the enlightened admini- 
itration of Colbert, the ufe of it was only per- 
mitted in a certain {mall proportion, along with 

woad, 
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woad, in forming the vat juft mentioned ; fo very 
liable are mankind to entertain falfe opinions 
refpecting the value and properties of dying 
drugs. 


There are various other blue vats in which 
indigo is diflolved, and made fit for dying, 
without being united to woad. Thefe, how- 
ever, are generally known, and have, moreover, 
been fufficiently defcribed by Hellot, Quatre- 
mere, Le Pileur d’Apligny, Berthollet, and 
others. They differ confiderably from each 
other ; but in all of them the indigo is firft de- 
prived of a portion of its oxygene, by the at- 
traction of vegetable or animal ferments, or of 
the oxyd of iron (feparated from copperas) ; 
and then it is diffolved either by lime, or by 
fome alkal, either vegetable, mineral, or vo- 
Jatile. ‘The woad-vat firft mentioned is almoft 
the only one ufed for dying wool, and woollen 
cloths or ftuffs. Silk is commonly dyed from a 
different vat, in which indigo (without any 
wead) by the aid of a fufficient degree of warmth 
and of vegetable alkali, with vegetable ferments, 
bran and “wedder, is diffolved, and made to 
produce a fine green liquor, with a bluifh cop- 
per-coloured fcum on the furface, &c. Indigo, 
however, 1s incz apable of dying filk of a deep 
blue colour, without the help of archil, or fome 
other colouring matter. 


Cotton is dyed in a blue vat, into which in- 
digo, ground either in water, or in a cautftic al- 
kaline ley, is put, with two or three times its 
weight of lime, previoufly flacked in a fufficient 
quantity of water, and about one-fourth lefs of 

copperas 
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copperas (fulphat of iron) than of lime. Wher 
this mixture is made, a part of the lime unites 
with the acid of the copperas, forming calcare- 
ous fulphat or felenite, and at the fame time 
precipitates the oxyd of iron, which, not being 
faturated with oxygene, attr acts fo much of that 
which was combined with the indigo, as to render 
this laft fubftance foluble, by the lime remaining 
over and above what was employed to faturate the 
fulphuric acid. The beginning diffolution of 
the indigo may be perceived by a fhining cop- 
per-coloured pellicle, which forms itfelf on the 
furface of the mixture, while the liquor itfelf 
becomes green, and afterwards gradually in- 
clines more and more to the yellow, as the fo- 
lution advances. When it is completed, and 
the liquor fettled, the cotton, yarn, or ftuffs 
are. to be dyed in it: at firft they will appear 
yellow when taken out, but by abforbing the 
oxygene, they rapidly aflume and pats t hrough 
the different fhades of green, and in a few mi- 
nutes become blue, the oxygene regenerating 
the indigo in the pores of the cotton, Mr. 
Hauffman, of Colmar in Alface, who, with a 
good ftock of chymical knowledge, daily prac- 
tifes the arts of dying and callico printing, lately 
publifhed an excellent “* Memoire fur Indigo 
& fes diffolvans,” in the Journal de Phyfique, 
&c. for March 1788, in which he mentions, 
that the change of colour from yellow to blue, 
in cottons dyed as before mentioned, may be 
greatly accelerated, and their colours made 
deeper than they would otherwife become by 
plunging the dyed cottons, when firft taken out 
of the vat, into water foured by vitriolic acid, 
which haftens the regeneration of the indigo, 


~ 
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and moreover diffolves and carries off a portion 
of white calcareous fulphat or felenite, which 
would weaken the ftrength or intenfity of the 
blue colour. 


If the colour of the vat be not all ufed foon 
after it has been prepared, it will require occa- 
fional ftirring; fince the diffolved indigo, by 
continually abforbing oxygenous gas from the 
atmofphere, will be conftantly reviving, in con- 
fiderable quantities, upon the furface of the li- 
quor ; and the indigo fo revived can only be re- 
diffolved by being again fubjected to the com- 
bined action of lime, and oxyd of iron: if by 
length of time thefe fhould become perfectly fa- 
turated with oxygene and carbonic acid, before 
the blue colour is all ufed, a farther portion of 
each muft be added, and fomewhat more of lime 
than of copperas. 


Mr. Haufiman obferves, that all the precipi- 
tates of iron, whether obtained from folutions of 
that metal by the mineral, vegetable, or animal 
acids, will ferve, with quick lime, to diffolve 
indigo, as well as that of green vitriol, provided, 
or fo long as they retain the property of abforb- 
ing vital air; but that a nitric folution of iron, 
or the ruft of it, or any other preparation where 
it exifts in an ochrous form, not attracted by the 
magnet, nor capable of attracting pure air, will 
be wholly ufelefs towards producing a diffolution 
of indigo, though employed with an excefs of 
quick lime, or of cauftic alkali. He conceives, 
that the precipitate of iron, obtained from cop- 
peras, promotes the diffolution of indigo by its 
phlogifton; and that he cannot fatisfactorily ex- 

plain 
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plain this effect upon the new fyftem, unlefs by 
fuppofing, that the oxygene only adheres to the 
integrant molecules of ‘the indigo, without an 
actual combination (which he thinks impro- 
bable); and that the oxygene having ftronger 
affinity to the precipitate of iron than to the in- 
digo, quits the latter to unite with the former ; 
while the indigo, in givine up the oxygene, 
unites with the lime, or cat iftic alkali, and is 
diffolved by them; which indeed feems to be 
the true explanation. 


Mr. Haufiman further obferves, that cauftic 
alkali, with fine iron feck inftead of the pre- 
cipitate from copperas, would not diffolve in- 
digo 5 but that (regulus of ) antimony, brought 
into the form of a powder, diffolved it perfectly 
with the cauftic alkali, or quick lime flacked by 
water ; though the calces, or oxyds of antimony, 
in} this way, produced no fuch effect: nor did 
any precipitates of copper: on the contrary, 
they all feemed rather to haften the regeneration 
of indigo, after it had been diffelved: by fome 
other means: and he adds, that fome dyers 
avail themfelves of this effect, to obtain, at 
once, all the colour remaining in a blue vat 
(alter ithas been too weak to dye properly), by 
paffing cottons through water in which a little 
fuiphat of copper (bi ue vitriol) has been dif- 
folved, and then dying them in the vat intended 
to be exhautted, where the folution of copper 
ipeedily precipitates, and revives the remaining 


1 tt 


indigo in the pores of the cotton. 


I have repeated moft of Mr. Hauffman’s ex- 
periments, with different precipitates, or oxyds 
of 


J 
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of iron, and with effects nearly fimilar to thofe 
he defcribes. I found that neither the ruft of 
iron, nor the nitric oxyd of it, would affift in the 
diffolution of indigo; obvioufly becaufe they 
were both already faturated with oxygene: I alfo 
found, that even a precipitate of copperas failed 
for the fame reafon, when, inftead of feparating 
it by lime, it was made by diffolving copperas in 
water, and leaving it for fome weeks expofed to 
the air in warm weather, where the iron was 
farther acted upon, and faturated, as well as 
precipitated, by the oxygene which it gained 
from the atmofphere. 


It is nearly in the fame way, and upon the 
fame principle, that the topical indigo blue, em- 
ployed by calico printers for penciling, is made: 
the ingredients of this compofition are employed 
in different proportions in different places ; and 


will fucceed with very confiderable latitude in 
this refpect: indeed, the different qualities of 
indigo neceffarily render it impoffible to prefcribe 
any exact proportions, which fhall be always 
equally efficacious and fuitable. 


Mr. Hauffman mixes twenty-five gallons of 
water with fixteen pounds of indigo, well eround 
(or a greater or {maller quantity, according to 
the quality of the indigo, and the depth of co- 
lour wanted), to which he adds thirty pounds of 
good carbonate of pot-afh, placing the whole 
over a fire; and as foon as the mixture begins 
to boil, he adds, by a little at a time, twelve 
pounds of quick lime, to render the alkali cauf- 
tic, by abforbing its carbonic acid, or fixed air. 
This being done, twelve pounds of red orpiment 

are 
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are alfo added to the mixture, which is then 
ftirred, and left to boil for fome little time, 
that the indigo may be perfectly diffolved; 
which may be known by its giving a yellow 
colour, immediately upon being applied to a 
piece of white tranfparent glafs. M. Ober- 
kampf, proprietor of the celebrated manufac- 
tory at Jouy near Verfailles, ufes a third more 
of indigo ; and others ufe different proportions, 
not only of indigo, but of lime, pot-afh, and 
orpiment ; which all feem to anfwer with nearly 
equal fuccefs: but with the beft copper-coloured 
Guatamala indigo, it is certain that a good blue 
may be obtained from only half the quantity 
prefcribed by Mr. Haufiman, by ufing as much 
ftone, or oyfter fhell lime, as of indigo, nearly 
twice as much pot-afh, and a fourth part lefs of 
orpiment than of indigo. This compofition is 
greatly defended from air by gum, which fhould 
be diffolved in it whilft hot; and it fhould after- 
wards be kept fecluded as much as poffible from 
the contact both of vital air, and carbonic acid 
eas or fixed air. 


Indigo diffolved in this way, for penciling or 
printing, I fhall hereafter call topical blue—its 
ftrong tendency to attract oxygene from the at- 
mofphere, and to be thereby regenerated, ren- 
ders its ule fubjeét to many difficulties ; it being 
almoft impoffible to pencil, and more fo to print, 
a piece of cotton throughout of the fame fhade, 
with the beft endeavours, to apply it equally, 
and quickly, by the moft expert and careful 
hands. It will give a faft colour only fo long as 
it continues yellow, or, at moft, of a yellowifh 
oreen; as foon as it appears blue, the indigo 
may 
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nay be confidered as revived, and incapable of 
fixing on the cotton: in his cafe, however, it 
may be re-diffolved, by adding more cauttic al- 
kali and orpiment. The clear liquor only; when 
gummed, is to be ufed; but it is not to be fe- 
parated from the fediment, which helps to pre- 
ferve it in a ftate of diffolution. 


In making the before-mentioned compofition, 
a copper-coloured pellicle appears on the furface 
of the liquor as foon as the indigo begins to dif- 
folve; and this pellicle becomes violet, and at 
Jaft blue, by longer expofure to the at mofphere. 
Mr. Hauffiman obferves; that the fame pellicle 
arifes, with the fame appearances, if the folution 
ofindi go be put into contact with either the de- 
phlogifticated or the vital airs; but that, under 
the receiver of a pneumatic machine, it dimi- 
nifhes in proportion as a vacuum is produced ; 
and that it does not appear at all in the inflam- 
mable or the phlogifticated airs. Mr. Hauffiman 
farther obferves, that if, inftead of orpiment, 
fulphur and white arfenic, of which it is 
formed, be employed, either together or fepa- 
rately, with quick lime and pot: ath, no folution 
of indigo will take place ; atid this will alfo be 
the cafe, even where orpiment is ufed, if quick 
lime be not employed to render the alkali cauf- 
tic. That having put indigo, diffolved by or- 
piment, lime, and pot- ath, into contact with 
dephlogifticated air (oxygenous gas), obtained 
by diftillation from nitre, he found in a little 
time that feven-eighths of it were abforbed by 
the folution of indigo, and the remaining eighth 
was azote only (phlogitticated air) ; and the blue 
was rendered unfit for ufe, the indigo being re- 
I 2 generated, 
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generated, as he found it, at other times, from 
the application of fixed air (carbonic acid) ; but 
with this difference, that a part of the alkali re- 
mained cauftic, while another part of it com- 
bined with the vitriolic (fulphuric) acid (formed 
by the union of the Fan Ada to a part of the ab- 
forbed oxygene), and thereby produced vitrio- 
Jated tartar (fulphat of pot-afh): another part of 
the oxygene, fo abforbed, had combined with 
the arfenic, and changed its metallic form to 
that of an oxyd, in which ftate it had united to 
the cauftic alkali; and the reft of the abforbed 
oxygene had combined with, and regenerated 
the diffolved indigo. 


rr6 


Mr. Haufiman was indeed inclined to explain 
the folution of indigo, according to the phlo- 
giftic fyftem, by confidering it as refulting from 
a greater affinity which phlogifton was fuppofed 
to have with indigo than with arfenic, and that 
it was the attion.. of this phlogifton, joined to 
that of the cauftic alkali, which operated the dif- 
folution in queftion; but that the phlogifton, 
having ftill a greater affinity with dephlogifti- 
cated air than with indigo, abandoned the latter 
as foon as the former was prefented to it, leav- 
ing the indigo in its regenerated form, the alkali 
alone not being fufficient to preferve it in a {tate 
of fojution. But a much happier, and more na- 
tural explanation of thefe effects, 1s afforded by 
the new doétrine, as already ftated; and it is 
{trongly fupported by all that we know of the 
nature of indigo, and the properties of thofe 
agents employed to diffolve it. Experiments 
made by Dr. Prieftley, and others, evidently 
prove that iron, in the ftate in which it exifts in 


copperas, 
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copperas, or when recently precipitated from a 
folution of copperas, forcibly attracts, and com- 
bines with, vital air brought into conraét with 
it; and it is alfo well known, that the fulphuret 
of arfenic (orpiment) does the fame, when dif, 


folved by an alkali. 


Mr. Hauffman found, that the fulphuret of 
antimony (crude antimony) affifted in diffolving 
the indigo, for topical blue, as well as orpi- 
ment, but that it was unfit for penciling or 
printing ; becaufe the antimony was precipi- 
tated, in the form of a mineral kermes or golden 
falphur, tarnifhing the blue colour, and adher- 
ing to the linens or cottons almoft as ftrongly as 
the indigo itfelf. The oxyd of antimony, with 
fulphur, did not produce a folution of the in- 
digo, when ufed inftead of the crude antimony ; 
though antimony, in its metallic ftate (7. e. 
the regulus), reduced to powder, had occafioned 
the diffolution of indigo in the fame way, and as 
well as the crude antimony. He found, what is 
very remarkable, that no fuch effect was produced 
by the filings of zinc; though when heated it has 
greataffinity withoxygene. He attempted, in vain, 
to diflolve indigo, by a combination of fulphur 
with the other metals (befides antimony and 
arfenic) ; and he attributes his want of fuccefs to 
the circumftance of their being diffolved with 
difficulty, or perhaps not at all « par la voie 
humide,” in the cauttic alkalies. 


Befides repeating a great part of thefe expe- 
riments, and with fimilar effects, I have made 
fome, which, probably, were not attempted 


I 4 before ; 
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before ; and feveral of them with effects highly 
deferving of notice. 


I boiled, for two hours, the fineft blue Gua- 
tamala indigo in water, with about four times 
its weight of highly-burnt. oyfter-fhell lime, 
which I took hot from the fire, and put into 
the water, to fee whether lime had, in this way, 
any action upon indigo: the better to afcertain 
this, I put into the boiling liquor a fmall piece 
of white broad cloth, and another of white ca- 
lico: in about an hour both were taken out, and 
the broad cloth was fo far diffolved by the lime, 
that it crumbled on being preffed between my 
fingers; but the calico did not feem hurt; 
though neither were in any degree coloured by 
the indigo. I afterwards added a quantity of 
pure carbonated pot-afh, equal to that of the 
lime which had been ufed; and I continued the 
boiling for two hours more, and then leaving 
the liquor quiet, I foon found the indigo and 
lime had fettled to the bottom, and left the 
water perfectly colourlefs. The next day the 
mixture was well ftirred, and boiled again for 
two hours; and being left to fettle, it again 
gave the fame proof of there having been no dif- 
folution of the indigo, I had at hand about a 
pound of an oxyd of tin, prepared fome time 
before (for a different purpofe), by putting 
two pounds of common fingle aqua fortis, 
diluted with as much water, upon a quan- 
tity of tin, not in very fmall pieces, and leav- 
ing the former to aét flowly upon the latter 
during feveral months, until all its oxygene was 
exhaufted ; after which I found the oxyd, or 
calx, formed into lumps as large as a walnut, 

and 
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and fettled at the bottom. ‘The clear liguor 
being decanted from the oxyd of tin, the latter 
was fl ightly rinced with water, and being dried, 
remained in folid lumps. Some of thefe, “weigh- 
ing about twice as much as the indigo Nitin I 
had employed, were then put into the cauftic al- 
kaline liquor, in which I had ineffectually endea- 
voured to diffolve the indigo; and in lefs tha: 
five minutes I perceived figns of a beginning 
diffolution, which increafed rapidly; and in 
half an hour the liquor had pafled through all 
the fhades of green, and become yellow, except 
at its furface, whi 1ich was covered by a fine cop- 
per-coloured pellicle, of a fhining metallic ap- 
pearance. Silk and cotton dipped into the li- 
quor, were taken out yellow, and became 
green, then affumed a fhining copper-colour, 
and afterwards changed to violet, and then be- 
came blue; and were found, by wafhing, to be 
permanently dyed. Part of the fame liquor, 
gummed, and applied topically, anfwered as 
well for penciling as any topical blue I ever faw. 
Another part of it, being poured into a white 
glafs phial, fo as to fill it to the top, with a por- 
tion of the lime and oxyd of tin, fhaken all to- 
gether, but without gum, and being well ftop- 
ped and left at alka! in a few days became as 
pellucid and colourlefs as clean water, excepting 
only the fediment at bottom. Upon ‘unttopping 
the phial, the furface of the liquor, coming into 
contackywith the atmofphere, and abforbing ox- 
ygene, inftantly became green and blue; and 
upon re-ftopping the phial, and fhaking it, the 
indigo forming this blue furface was difperfed 
through the mafs of liquor, and tinged it of a 
beautiful greenifh yellow; but there being a 
Fiz fufficient 
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fufficient quantity of oxyd of tin unfaturated, 

the oxygene was foon abforbed, and the liquor 
again rendired colourlefs: when, inftead of the 
oxyd of tin, I employed the metal pei ora- 
nulated, ‘it produced no effect towards diff olving 
indigo; and on trying tin, which had been cal- 
cined with faltpetre in a crucible, | found that 
it not only did not diffolve the indigo itfelf, but 
prevented it from being diffolved by the oxyd 
of tin (produced by the aqua fortis, as juft men- 
tioned), or by crude antimony, or copperas either 

fingly or combined; indeed it was with difficulty 
diffolved, when orpiment, in a large propor- 

tion, was sadea to all the above; “this I alfo 
found to be the cafe of tin, eric alone ina 
crucible by.ftrong heat: bifmuth calcined in 
like manner, equally obftructed the folution of 
indigo. Probably in thefe cafes the metals fo 
calcined not only do not attract the oxygene of 


indigo, but let go that which they had imbibed 
during calcination, 


In the courfe of my experiments. upon in- 
digo, I was induced to make trial of refined 
fugar, inftead-of orpiment ; and I found that the 
fugar acted very efficacioufly in diffolving in- 
digo, with the ufual appearances, and producing 
a ‘topical fubftantive blue, as permanent, and 
every way as good as any in ufe. I afterwards 
tried coarfe brown fugar, ‘aiid I found it at leaft 
as effectual as the refined: for this purpofe ; it 
then occurred to me, that this might be a valu- 
able fubftitute for orpiment, the ufe of which, 
as a conftituent part of the topical blue, may, 
from its poifonous quality, fometimes produce 
mifchief, and always gives the compofition an 

unpleafant 
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unpleafant fmell. I moreover conceived, that, 
by employing a large proportion of brown 
fugar, it might be practicable to thicken the 
mixture fufficiently for penciling or printing, 
and thereby avoid the greater expence of gum 
for that purpofe ; and upon trial, this alfo proved 
to be the cafe, the bia thickening the folution 
fufficiently, and afterwards drying as expedi- 
tioufly as when thickened by gum, contrary to 
what I had apprehended as probable, from 
recollecting that ink, when thickened ‘by 
fugar, was difpofed to retain. moifture, and 
dry very flowly. I think, moreover, that 
when the folution of indigo is both made and 
thickened by fugar, in this large proportion, 
the latter, by being able to abforb a larger quan- 
tity of oxygene from time to time, enables the 
topical blue to bear expofure to the atmofphere 
fomewhat longer; without a regeneration of the 
indigo, than when it is diffolved by only the 
ufual proportion of orpiment. I think, there- 
fore, that this way of compofing a fubftan- 
tive topical blue, by employing coarfe brown 
fugar, inftead of both orpiment and gum, is 
deferving of particular attention, . as forming a 
compofition free from all poifonous qualities, 
and at the fame time cheaper and better than 
that generally ufed. Melaffes will ferve as well 
as brown fugar to promote the diffolution of in- 
digo; but I think not fo well to fupply the 
place of gum in thickening the compofition. 


Sugar ufed in this way, feems to aé& like or- 
piment in combining with oxygene ; which it is 
{tronely difpofed to do in other circumftances. 
M, Be rthollet, in the fecond volume of the An- 

nales 
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nales de Chymie, mentions, that, in diftilling the 
fulphuric acid upon different animal and vege. 
table {ubftances, he found none of them fo pro- 
per to form A large quantity of fulphureous acid ; 
which it could only produce 4 its great affinity 
with oxygene. 


I found, upon different trials, that, with the 
help of pot-afh and lime, I could not diffolve 
indigo, either by fulphur, or pe arfenic, or 
charcoal, or oxyd of bifmuth, or of lead (mi- 
nium), or of zinc (lapis calaminaris), or of 
manganefe, or the alkaline folution of flints, or 
of the earth of alum, or by magnefia. I was 
equally unfuccefsful with poppers: 33 well in its 
metallic form, as in all the ufual Breeeaons 
of it: and indeed when indigo was mixed with 
verdigrife, lime, and pot-ath, as ufual, it not 
only did not diffolve it, but the verdigrife pre- 
vented the action of all othe agents upon it, in- 
fomuch that the indigo remained undiffolved, 
notwithftanding the combined action of crude 
antimony, orpiment, oxyd of tin, copperas, and 
fugar in large dofes, any one of which, with the 
quick lime and pot-afh, would have effectually 
diffolved the indigo, had there been no verdi- 
grife or copper in contact with it. The fulphat 
of zinc (white vitriol) was almoft as adverfe to 
the diffolution of indigo; for it not only did not 
contribute thereto, with pot-afh and lime, but 
it prevented any folution from taking place by 
the oxyd of tin, crude antimony, fugar, and 
copperas, applied one after the other: though 
when to all thefe a large portion of orpiment 

was added, and the mixture kept fome time in 
a boiling heat, the indigo did at length diffolve, 

but 
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but with great difficulty and tardinefs. Vermi- 
lion I found, on repeated trials, incapable of 
contributing, in any degree, to diffolve indigo 
with lime and pot-ahh ; sae it did not ob- 
ftruct the diflolue ion thereof, when orpiment 
was added. Camphor appea pie to have no 


effect. 


The topical blue, when made, is often applied 
by the pencil upon fpots or figures previoufly 
dyed yellow, in order to produceva permanent 
green 5 but the ‘cauftic alkali contained in it, 
efpeci ally when employed too freely, feems to 
weaken the yellow on which it is laid. Wifhing 
to remove this difficulty, I thought of neutra« 
lizing the sires, at leaft in fome degree, fo as 
to make it harmlefs in this refpect, without, at 
the fame time, rendering the blue lefs efficas* 
cious. I could not, however, expect to do this, 
with either the nitric, fulphuric, or acetous 
acids ; becaufe they are now univerfally allowed 
to derive their acidity from oxygene ; which, if 
applied to indigo, neceffarily would produce the 
regeneration of it, and make it unfit for pen- 
ciling or printing. I knew, however, that 
though Mr. Lavoifier had, from analogy, been 
induced to conclude that the muriatic acid de- 
rived its acidity, like moft others, from oxy- 
gene, yet there was good reafon to doubt its 
xiftence in dst a "ati; that this acid, in- 
ftead of being fixed, was rendered more volatile 
by oxygene, and ¢] sat, inftead of becoming more, 
it was made lefs acid by every addition of oxy- 
gene; circumftances which do not feem to in- 
dicate that this is the acidifying principle of mu- 
rlatic acid. I knew alfo, that Mr. Berthollet 


was, 
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was, atlength, nearly convinced that the muri- 
atic ought to be deemed a radical acid, which, 
by the means of a certain portion of oxygene, 
gained properties fimilar to thofe of the nitrous 
and fulphureous acids, and, being fuper oxy- 
genated, acquired relative properties, fimilar to 
thofe of the nitric and fulphuric acids: I re- 
folved, therefore, to try their different effects 
upon the topical blue, and for this purpofe | 
mixed the acetous, fulphuric, and nitric acids, 
each feparately, with a portion of it; and I 
found that, even in fmall quantities, they in- 
ftantly deftroyed the green and yellow colours of 
the diffolved indigo, and, by reviving it, rendered 
the mixture uniformly blue; producing, at the 
fame time, a confiderable effervefcence. Muriatic 
acid, however, acted differently ; for, though it 
produced fome effervefcence, it neither ren- 
dered the mixture, nor even its effervefcing fur- 
face, which was covered with froth, blue, but 
both remained green, while fecluded from the 
contact of atmofpheric air, by being inclofed in 
a veflel well ftopped ; and I found it practicable 
to neutralize the alkali completely, without ren- 
dering the indigo unfit to produce a faft blue 
colour, or a green, upon yellows, if applied 
quickly ; but when the topical blue, thus neu- 
tralized, was kept fome time, the indigo, being 
deprived of the aikali which had heid it in foiu- 
tion, gradually fubfided in a great degree, and 
became unfit to be applied in this way. ‘There 
is, however, I think, an intermediate degree to 
which the alkali may be neutralized, without 
precipitating the indigo, in any confiderable 
quantity, for feveral weeks at leaft, and which 
will be fufficient to prevent the alkali from ex- 
, ercifing 
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ercifing any action injurious to the yellow co- 
lours upon which the blue may be laid. The 
topical blue made with fugar effervefced but 
very flightly when mixed with muriatic acid, and 
therefore it has, in this refpect, an advantage 
over the blue made with orpiment. The fluoric 
is another acid, in which the exiflence of oxy- 
gene has never been proved, or made probable, 
otherwife than by analogy. This circumftance 
led me to try italfo with the topical blue; when 
I found its effects very fimilar to thofe of the 
muriatic acid. The eighth part of a phial being 
filled with the fluoric acid, and fome of the blue 
prepared with fugar, as before defcribed, being 
poured upon it, no effervefcence a; ppeared, and 
the mixture remained of a yellowifh green CO- 
Jour ; cotton plunged in it imbibed, and conti- 
nued of the fame colour, until it was taken out 
and expofed to the air, when it gradually affumeda 
very deep, ftrong, blue colour, which, upon being 
wafhed in warm foap fuds, was found perfectly 
fixed. ‘The fame experiment, with fome variation 
of circumftances, was feveral times repeated, and 
always with fimilar effects; and upon the whole, 
the fluoric acid feems even better fuited than the 
muriatic to neutralize the alkaline part of the to- 
pical blue, where it may be thought expedient 
to have it in a neutral f{tate; though, I think, 
fomething fhort of this is all that can be wanted, 
or fhould be attempted, in the bufinefs of calico 
printing. Iam fenfible, that, though thefe facts 
afford new reafon for not believing that oxy- 
gene is the acidifying principle of the muriatic 
and fluoric acids, they do not abfolutely prove 
the contrary ; becaufe they may contain oxy- 
gene, fo intimately united to their refpedctive 

bafes, 
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bafes, as that it can neither be feparated, nor left 
at liberty to manifeft any of its ufual properties ; 
but, allowing this to be poffible, we muft not, 
I think, fuppofe it to be really the cafe, with- 
out more probability thereof than yet appears. 
This indeed was partly the cafe with vitriolic ether, 
which, being added to topical blue prepared with 
fugar, did not much change its colour, nor pre- 
vent it from being fixed in fome degree on 
cotton. 


Wifhing to know what effects would refult 
from a ftronger action of pot-afh, lime, and or- 
piment upon indigo, I diffolved it with three 
times the ufual portion of thefe agents, and hav- 
ing afterwards fhaken the whole mixture well 
together, | filled a large tran{parent glafs phial 
therewith (but without any gum), and having 
fecured it from all contact with external air, by 
a glafs. {topper covered with wax, I left it in 
that ftate for three months, fhaking the phial 
occafionally, that the more fluid part of the 
mixture (which foon became nearly colourlefs) 
might be acted upon more equally, by the lime, 
&c. at bottom; after which, the phial being 
opened, I found that the mixture (which gave a 
deep permanent blue to cotton, when firft made) 
had become incapable of manifefting any colour 
by the contaét of atmofpheric air, or by the ad- 
dition of fulphuric, fluoric, and other acids ; 
the indigo having been not only deprived of the 
oxygene neceffary to its colour, but probably 
rendered incapable of re-uniting with it as for- 
merly, in confequence of a decompofition of its 
vegetable bafis, or a new combination thereof 
with one or more of the agents in queftion, too 

5 intimate 
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intimate to be overcome by any of the ufual 
means of regenerating indigo. Here we have 
an inftance of one of the moft permanent of co- 
louring matters lofing its colour ; not by any 
thing like, combuffion, which neceffarily re- 
quires the prefence and cornbination of vital air, 
but by means which feclude it from, and de- 
prive it of, all fuch air. 


In forming fome of the indigo vats, it has 
been ufual to employ a confiderable quantity of 
madder and weld, though neither of them, in 
this way, can poffibly do any good as colouring 
fubftances, their colours having no permanency 
without an aluminous, or other bafis, as will be 
hereafter explained; they can therefore produce 
no benefit in any other way than as promoting 
fermentation ; for which purpofe many cheaper 
matters would prove infinitely more efficacious, 
particularly melaffes, carrots, parfnips, fhells of 
green peas, &c. &c. 


It is to be obferved, that all the preceding 
means of rendering indigo foluble, by abftraét- 
ing a part of its oxygene, ferve only to bring it 
back to the ftate in which it exifted while retain- 
ing its green colour in the procefs of fer- 
mentation, before its minuteft particles had 
been collected together, in a concrete blue 
form, by agitation, and the farther applica- 
tion of oxygene. I have already intimated a 
eh ai that the colouring matter of the 

ndigo plant, in this Muid ftate, is not only fit 
for d dying, but that the blue colour dyed with 
it, we des like that it of the ifatis, or woad, be yet 
more permanent than that given by the indigo, 


aiter 


128 PHILOSOPHY OF 


after it has been made to affume a concrete form 
becaufe its bafis, even by the leaft deftructive 
ways of diffolving it, will, I think, neceffarily 
be in fome degree weakened, as all other vege- 
table colours are found to be, by the action of 
fuch powerful agents as are requifite for tha 
purpofe; and I conceive that the very durable 
blues which are known to be given by particular 
people in fome parts of Afia and Africa, mutt 
be derived from the colouring matter of the in- 

digo plant, employed Behe. firft extracted by 
fteeping and fermentation. The Chinefe are 
faid to employ the indigo plant for dying in this 

way ; and it appears that the Africans cmiplidnit it 
in a way nearly fimilar, at leaft with refpect to 
the ftate of its colouring matter, applied as a 
dye. 


According to Mr. Ciarkfon, “ it is well 
known, at leaft in the manufacturing towns, that 
the African dyes are fuperior to thofe of any 
other part of the globe.” ‘ The blue (conti- 
nues he) i is fo much more beautiful and perma- 
nent than that which is extracted from the fame 
plant in other parts, that many have been led to 
doubt whether the African cloths brought into 
this country were dyed with indigo or not. They 
apprehended that the colours in thefe, which 
became more beautiful upon wafhing, mufthave 
proceeded from another weed, or have been an 
extraction from fome of the woods which are ce- 
Jebrated for dying there. ‘The matter, how- 
ever, has been clearly afcertained: a gentleman 
procured two or three of the balls, which had 
been juft prepared by the Africans for ufe: he 
brought them home, and upon examination 

found 
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found them to be the leaves of indigo rolled up, 
and in a very fimple ftate. 

M. Adanfon; mentioning the indigo plant 
cultivated by the negroes of “Senegal, fays, thefe 
people do not take much pains to draw the dye 
out of this plant; they are fatisfied with ga- 
thering the leaves at any time of the year, with 
pounding them in a mortar to reduce them to 
a pafte, and with making them up into loaves, 
in order to preferve them dry. When they want 
to make ufe of them, they diffolve them in a 
kind of lye, made of the afhes of an un¢tuous 
plant which grows in their fields, and is by them 
called rbhemi (Portulacca Marina, &c. Plum. 
Cat. p. 6.). This diffolution, adds he, im- 
bibes a tincture of the indigo, into which they 
dip their linen cold, as often as they think ne- 
ceffary, according to the deepnefs of the co- 
Jour. See his Voyage to Senegal, the Ifle of 
Goree, and the River Gambia. “8vo. 


The indigo plant, when ufed in the way which 
M. Adanfon defcribes (with too much brevity in- 
deed), feems to be in a ftate refembling that in 
which the ifatis or woad is commonly employed, 
as before mentioned; and unlefs the freight 
would prove too expenfive, I fhould think it 
might be advantageoufly imported in balls, like 
thofe mentioned by him, to affift in forming in- 
digo vats, though it would not anfwer in this 
fhape for producing what is called the Saxon 
blue, by a combination with fulphuric acid. 


Of Saxon Blue. 


Indigo diffolved by the fulphuric acid, ac- 
quires a more lively though a lefs durable co- 
lour 
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Jour than it naturally poffefles, or can be made 
to receive by any other means ; probably becaule 
it thereby acquires an additional portion of oxy- 
gene. The ap aplication of this blue as a dye 

was firft made by Counfellor Barth at Groffen- 
hayn in Saxony, about the year1740. He em- 
ployed, befides indigo and fulphuric acid, lapis 
caliminaris and antim nony, mixing pie with 
the oil of vitriol firft, and adding she indigo af- 
terwards. According to fome, he alfo employed 
allum; but all t ee additions being found ufe- 
lefs, were afterwards laid afide. 
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M. Haufiman obferves, that a fmall piece of 
indigo put into a little rey iuric acid of proper 
ftrength, becomes very foon coloured upon its 
external furface, firft of a greenifh yellow, and 
afterwards of a deep green, and finally of a 
blue; that in evaporating indigo, which bial 
been diffolved by this acid in a glafs veffel 
placed on a fand heat, there efcaped a portion 
of fulphureous or volatile vitriolic acid, and of 
hydrogene (inflammable gas), which upon ap- 
plying to them the flame of a candle, gave flight 
marks of inflammation; that the expanfion of 
the indigo, and feparation of fulphureous in- 
flammable. vapours, during its folution by oil of 
vitriol, leave no room to. doubt of the ftrong 
acl C] ion of the jatter upond the conftituent pert? of 
indigo; and he therefore concludes, that we 
fhould err in confidering the indigo as having 
fuffered no alteration by the fulphuric acid, and 
in comparing a folution of it in this way to thofe 
other folutions already defcribed, in which the 
bafis of indigo fuffers little or no injury; that 
the blue dyed by thefe: fulphuric folutions of in- 
digo, can hardly be deemed a fatt colour, fince 
1t 
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it is eafily extracted by foap in boiling water, and 
changed by alkali to an olive colour, more or 
lefts yellow, according as the alkali is more or 
lefs cauftic ; and fince the adhefion of this blue 
to linen and cotton is fo feeble, that even cold 


running water will carry it off. 


Bergman afcribes the want of greater perma- 
nency in the Saxon blue to the ufe of fulphuric 
acid not fufficiently concentrated. He ufed an 
acid whofe fpecific gravity, compared to that 
of water, was as 1900 to 1000, and employed 

eight pounds of this acid to diffolve one pound 
of indigo. I believe, however, that he has been 
mifled on this fubject, and that Poerner is much 
nearer the truth, when he fays, that the beft pro- 
portion for diffolving indigo is only four times 
its ee of good eh oil of vitriol; and that 
where more is ; ufed, the blue is lefs permanent. 
I am even n inclined to think that the blue will 
prove more durable, if this laft quantity of 
acid be diluted with an equal portion of water 
as foon as the indigo is put to it, and the mix- 
ture left in a warm fituation 48 inftead of 24 
hours for the indigo to diffolve; becaufe, by a 
flower and more moderate action, I think the 
bafis of the indigo will be lefs weakened ; at leaft 
I have frequently diffolved indigo in this way, 
and the colour has appeared to be more durable 
than when it was diflolved by an undiluted acid. 
Perhaps even a farther dilution might ftill leave 
the acid of fufficient force for diffolving the in- 
digo perfectly. But this I fhall endeavour to af- 
certain hereafter by more accurate experiments 
than I have yet made. ‘The indigo being dif 
folved, Mr. Poerner adds as many ounces of 

K 2 dried 
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dried pot-afh as there were of indigo in the fo- 
lution, which produces an effervefcence; and 
after twenty-four hours, he adds eight pounds 
and an half of water for each pound of oil of 
vitriol employed, and puts the whole into a 
elafs veflel for ufe. Inftead of pot-ath, I have 
ufed clean chalk, and this even in fuch quanti- 
ties, as to faturate the vitriolic acid. The in- 
digo was then precipitated with the chalk, and 
being collected in a folid mafs, it was ftill capa- 
ble of d dying a blue on wood, though it took 
much more “flowly than in the ordinary way of 
dying Saxon blue, in which the colour applies 
itfelf fo rapidly to wool or woollen cloth, as to 
render it difficult, with the utmoft care, to pre- 
vent its taking unequally; a defect which might 
probably be obviated by a fmall portion of chalk. 
It is to prevent this, that M. d’Ambourney ad- 
vifes, where deep Saxon blues are wanted, to pafs 
the cloth at different times through veffels con- 
taining only what might fuffice for weak colours, 
in order that the blue may, by thefe partial appli- 
cations, be made to take with more evennefs. Silk, 
dyed along with wool, takes a much weaker co- 
Jour, u mean with the addition of chalk, ) becaufe 
it has lefs affinity with the indigo than wool has. 
This preparation of indigo, however would not 
give a deep blue, becaufe being united with fo 
large a portion of white calcareous carth or lii i€s 
the blue colouring particles could not be fuffici- 
ently condenfed for that purpofe. Paerner con- 
ceives the Saxon blue to be rendered-more durable 
by previoufly preparing the cloth withallum. The 
folution of indigo by fulph uric acid, is ufually 
called by dyers chymical | blue.. It ought, how- 
ever, according to the new nomenclature, to be 
termed 
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termed fulphate of indigo; a name by which 
I fhall hereafter diftinguifh it. When applied 
to wool, the blue colour is much more perma- 
nent than while in a fluid ftate; for though a 
little manganefe, added to the fulphate of in- 
digo, inftantly changed its blue to a brown co- 
lour, wool, which had been previoufly dyed blue 
with fome ‘of the fame preparation, was not dif- 
coloured by the aétion of manganefe diffolved in 
fulphuric acid. 1 do not know that a black was 
ever produced by the fulphate of indigo, or by any 
other preparation of that dr ug alone. Mr. John 
Wilfon, who has greatly contributed to improve 
the art of dying at Sears maintains, that 
though a redundance of colouring matter will 
increafe the force and body of a colour, yet that 
no repeated dyings of blue will become black. I 
have, however, now before me two pieces of cloth, 
one of which is the deepeft and pureft black per- 
haps ever feen, and was dyed by me, very lately, 
from fulphate of indigo, employed alone, though 
in an unulual quantity; the other is of a fine Saxon 
blue, and was cut off from the firft, before it had 
taken up fo much of the blue colour as to be- 
come black. I lately found alfo, in making the 
topical blue, that a fmall piece of cotton, which I 
had thrown into the mixture, and which, being 
ed hi had remained there forty-eight hours, 
was, when taken out, of a full black, fo perma- 
nently fixed, that neither lemon juice nor alkalies 
feemed capable of impairing it. I could not in 
one or two trials afterwards fucceed in producing 
a fimilar black on linen or cotton; and it muft 
be remarked, that when I produced that which is 
the laft mentioned, it was in a mixture where I had 
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at firft put fome manganefe, to fee whether it would 
promote the diffolt ution of indigo; and finding it 
did not, I had afterwards added more than ‘the 
ufual proportion of orpiment, one or both of 
which additions may have contributed to the 
black in queftion. 


a he fuipbone acid, or oil of vitriol, as com- 
monly prepared ntains a fmall portion of the 
nitric , which, however {mall, neceflarily does 
fame harm in forming the ulphate of indigo. 
ro) 
Mr. Chaptal oblerves, that he has feen the co- 
lour fail, and the flufls intended to have been 
dyed foiled by this fault in the fulphuric acid 
employed ‘for that purpofe, which ought there- 
fore to be guarded againft as much as pof- 


fible. 


The indigo of all others moft preferred for 
Saxon blues, is the blue or Flora of Guatamala, 
which indeed is fcarce ever employed for any 
other fpecies of blue, at leaft in this country, 
The other kinds, and efpecially the copper, 
when mixed with oil of vitriol, effervefce 
fometimes very ftrong] he in confequence of the 
extrication of fixed air, the prefen ice. Of which 
may eafily be Bleep for, by. recollecting that 
lime is frequently employed to accelerate the 
feparation and precipitation of the minute Be 
Pi of indigo, while in the veffels called 
beaters: and here it will be proper that I fhould 
offer fome conjectures on the ca aule of the dif- 
ferent colours of indigo; and as a foundation 
for thefe, I muft remark, that the flora or blue 
indigo of Guatamala is much lighter than the 

violet, 
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violet, and that this laft is lighter than the cop- 
per-coloured. From the lightnefs of this 4/we in- 
digo, and from its not effervefcing with acids, 
when diffolved by oi] of vitriol, there is the 
ftrongeft reafon to conclude that no lime is em- 
ployed to accelerate the feparation and precipi- 
tation of its colouring m atter in the beaters ; 
fince if there had been any, it + weil have in- 
creafed the fpecific gravity of the indigo, and 
by abforbing carbonic acid, would neceflarily 
have caufed an effervefcence in making the ful- 
phate of indigo: taking-it therefore fix, granted, 
that no lime is employed to feparate a and precis 
pitate the colouring matter, it would neceffarily 
follow, that, to obtain fuch feparation and preci- 
pitation, the agitation muft have been continued 
Jonger than wo uld otherwife have been neceflary y; 
and the unavoidable confequence would have 
been the combination of a larger proportion of 
oxygene with the colouring particles fo expofed © 
to it, than what takes place with thof epithe 1 
by lime: it will therefore follow, that indigo, ob- 
tained im this way, will contain a Greater por- 
tion of oxygene than the other; and it feems 
natural to conclude that the blue colour is occa- 
fioned thereby. To afcertain,, however, the 
juftice of this conclufion as far as I was able, I 
took fome of the lighreft and blueft Guatamala 
indigo, and diffolved it by lime, pot-afh, and 
Orpiment, as ufual; one effect of fuch folution 
we know to be the taking away from the indigo 
a confiderable part, at leaft, of its oxygene; and 
if accordingly y found, as I have done in all cafes 
where indigo was dif Tolved for the topical blue, 
that the diffolution was accompanied with a 
bright fhining copper-coloured pellicle upon the 
K 4. furface 
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furface of the liquor, which of itfelf was of a 
greenifh yellow underneath. The produétion 
of this pellicle may be eafily explained by re- 
collecting that the diffolved indigo, which has 
loft its oxygene, and become thereby of this 
ereenifh yellow, being at its furface in imme- 
diate contact with the oxygenous gas of the at- 
mofphere, regains a part of what it had loft, and 
thereby becomes copper-coloured ; but fwim- 
ming as it does upon a mixture difpofed to at- 
tract oxygene, it cannot in this ftate acquire and 
keep fo much thereof as the indigo itfelf for- 
merly had while it was of a blue “onlours and 
therefore, fo long as the body of the liquor re- 
mains yellow or green, the pellicle covering it 
will be only copper-coloured, though confifting 
of a colouring matter which was formerly blue, 
and which would have become fo again, if, be- 
ing diffolved, it had been thinly applied to lin- 
nen or cotton, and brought fufficiently into con- 
tact with the oxygene of the atmofphere. As 
therefore this blue 1 indigo had apparently become 
copper-coloured, only by having lefs oxygene 
than before, is chine not from his circumftance 
an additional reafon to conclude that the copper- 
coloured indigo, feparated and precipitated by. 
lime, is made of that colour only by its pof- 
feffing a fmaller proportion of oxygene than the 
blue indigo ?>—We might naturally Cx sect, if 
the difference of colour arifes from this differ- 
ence in the proportion of oxygene, that the blue 
indigo would fuit beft for the fulphate of indigo, 
becaufe it is to be diffolved by afarther application 
of oxygene contained in the oil of vitriol; and this 
is found to be the cafe, as was lately obferved: 
and on the other hand we fhould fuppofe the 

COPPSA 2 
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copper-coloured indigo to be beft fuited for the 
indigo vats and for the topical blue, becaufe in 
thefe the diffolution is effected by taking away 
oxygene; and the lefs there is of it, the more 
eafily will this be effected; and here alfo the 
choice and practice of the dyers accords with this 
hypothefis, as they conftantly employ the cop- 
per-coloured indigo for thefe laft purpofes.— 
But though the d/ue indigo of Guatamala is the 
lighteft and molt valuable, becaufe its colouring 
particles are not intermixed with lime, and are 
but in a fmall degree mixed with other matters 
which might give it weight and bulk without 
contributing to its tingent powers, yet this is not 
the cafe with all d/ve indigo; for in moft coun- 
tries it is now an invariable practice to precipi- 
tate indigo by lime-water; and asa defire to ex- 
tract as much of it as poffible from the plant, 
very frequently induces the operator to carry its 
fermentation in the fteepers too far, by which the 
colouring matter acquires an undue portion of 
oxygene, fo as afterwards to appear blue, even 
when precipitated by lime-water; and as this 
matter is moreover debafed by being mixed with 
other vegetable fubftances, extracted from the 
indigo plant by too much fermentation without 
affording colour, it happens that indigo of very 
inferior qualities often appears blue. 


Bergman, Quatrenere, &c. have endeavoured 
by analyfis to afcertain the component parts of 
indigo ; and M. Berthollet has given a fufficient 
account of the refults of their operations ; from 
all which, corrected by more recent difcoveries, 
it appears, that pure indigo confifts of a confi- 

derable 
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derable portion of hydrogene, a little azote, 
about one-thirtieth of its weight of iron, a very 
large proportion of the bafis ‘of charcoal, and a 
confiderable one of oxygene ; which laft, ] con- 
ceive, in thefe operations to have become-united 
to the carbonic bafis, and to have converted it 
into charcoal. M. Berthollet afcribes the per- 
manency of the colour of indigo to its abun- 
dance of eo and he clearly expofes the 
error of thofe who have attributed its co ee to 
the very fmall portion of iron contained i 

The ftability and difficult apuohs hci 
colouring matter of indigo acquires 


binin with OX} ygene, feem to re se 
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in a lefs degree, what the bafis of charcoal ac 

quires by a like combination ; but in bisa latt 
the oxygene is fo much more intimately com- 
bined, that it cannot be feparated by the means 


which feparate the oxygene from indigo, in mak- 
r 
TC 


ing the apices blue, as I have sand by re- 
peated trials upon chat coal, and therefore it can 

only be aéted upon in the laft of the two ways of 
diffolving indigo; I mean by the farther ap- 
plication of vital air, fo as to convert it into 
carbonic acid gas. The firft mention of indigo, 
as known in this country, which I have obferved, 
is in the act of the 23d of Queen Elizabeth, 
cap. ix, where it is called ‘* Ancle, alias Blue 
Lnde.” 


The Genipa Americana, Linn. is a very wide- 
ly-branching lofty tree, growing fpontaneoufly in 
different ae of Guiana and Brafil I, where it 1s 
known by different names ; in Surinam by that 
of tapouripa; in Demerary by the name of 

launa ; 
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Jauna; and in Brafil, according to Marcgrave 
and Pif o, by the names of j anipha, janipaba, 
Seey+ It hears a fruit nearly a. of the fize of 
a large lemon, covered with a greenifh afh-co- 
joured (kin. This fruic, when ripe, affumes 
very nearly the ana aire and texture of a ripe 
medlar or a bake d appl e; a being replete with 
a moderately acid juice, s fometimes eaten to 
prs, thirft. The fubltance of this fruit, while 
unripe, 1s ha aN colourlefs, and adie cee bit- 
ter; and when cut open there is found in the 
centre of it a number of feeds in a {mall cavity, 
furrounded | bY, a foft pulp, the furface of which 
has a flight blue tinge, probably occafioned by 
air colleé ire the cavity where the feeds are 
pla ced. Being at Surinam in the year 1770, I 
took fome of this pulp, and preffing the clear 
colourlefs juice upon pieces of white linen and 
cotton, I found that, though the fpots wetted 
therewith at firft fhewed no colour, yet being 
hung up to dry, in lefs than twenty aah hours 
they had acquired a deep ftrong blue, very much 
refembling ‘that dyed with the ifatis or woad. 
‘This blue I tried in vale to difcharge, or even 
weaken, by a multitude of wafhings with foap 
and water, by the application of lemon Juice, 
and by long expofure to fun, air, rain, &c. i 
a climate where at leaft the firtt of thele spate 
exerts the moft powerful action upon colours ; 
and by repeated trials I convinced myfelf that 
the blue obtained from this fruit, even by the 
moft fimple topical application of it, was as per- 
manent as any obtained from the i indigo, plant. 


This. blue has long been ufed by the favages 
of Guiana, Brafil, id for painting their ites 
of 
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of a dark blue or violet colour, as (according 
to Cefar) the woad was ufed by the ancient 
Gauls and Britons for the fame purpofe. Dur- 
ing my firft refidence in Guiana, in the years 
1763, 4, 5, and 6, I had often obferved the 
native inhabitants of that country ftaining their 
bodies with this colour, which was ufually con- 
tained in calabafhes or gourds, in which they had 
previoufly macerated the fruit of the genipa, or 
its pulp, with water for fome days before. 1 
had myfelf ftained my fingers with it, and found 
that 1 could not remove the colour in any de- 
gree by wafhing, though after nine or ten days 
it gradually difappeared, doubtlefs by an abra- 
fion or wearing away of the fubftance of the 
cuticle to which it adhered; but at that time I 
did not attend much to the manner in which 
this happened, and fuffered myfelf to adopt an 
opinion generally prevailing in that country, that 
this colour would in all cafes fpontaneoufly dif- 
appear at the end of eight or nine days; an 
opinion which had been propagated by Clufius, 
Pifo, Marcgrave, Hernandez, Rochfort, and 
others; and which muft, as I am now per- 
fuaded, have originated from the circumftance 
of its ufual difappearance at thofe periods when 
applied to the human fkin, by an abrafion thereof, 


It was not until my fecond vifit to Guiana that 
I firft thought of the application of this blue to 
the purpofes of dying and callico printing; and 
though I did not then remain long in that coun- 
try, and had no opportunity of feeing this blue 
prepared or applied by the favages, who have 
much lefs intercourfe with the inhabitants of 
Surinam (where I alone refided) than with any 


of 
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of the neighbouring colonies, I made a fuffi- 
cient number of experiments to afcertain, be- 
yond all poffibility of miftake, that the fruit of 
the genipa affords, not a fugitive colour, as had 
been and probably now is univerfally believed, 
but a ftrong permanent blue fimilar to that of 
indigo, both in its nature and in the means by 
which it becomes vifible; J mean by the ab- 
forption of oxygene: and when I confider the 
magnitude of the genipa tree, together with the 
quantity and fize of its fruit, I cannot help think- 
ing that plantations of it would prove highly 
beneficial, on account of the blue dye which the 
fruit would afford, either in the form of indigo 
by maceration, &c. or when gathered, cut, and 
dried, fo as to prevent putrefaction, and admit 
of their conveyance to Europe. A gentleman 
of character and fortune, who refided fome time 
in Bengal, and was the proprietor of a large 
eftablifhment for callico printing in that coun- 
try, being returned from thence about three 
years fince, favoured me with a piece of indigo 
of a very good quality, which he aflured me was 
obtained from an Eaft Indian tree, one of the 
leaves of which he at the fame time fhewed me; 
and from its appearance, as well as from other 
circumftances, I have very little doubt but it is 
of the fame fpecies as the Genipa Americana ; 
more efpecially, as there is a tree growing plen- 
tifully on the coaft of Malabar, and defcribed in 
the Hort. Malabar. by the name of panitsjica- 
maram, which appears in every refpect to re- 
femble the genipa, excepting that the authors of 
that work have omitted the mention of any co- 
Jouring property in the fruit of the Malabar tree, 


on 


al: 
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an omiffion which may have proceeded from {e« 
veral caufes. 


During my laft fhort vifit to Guiana, I 2s 
not find any of the fruit of the genipa perfeatl 
ripe, and my experiments were neceffaril ly rilde 
only upon thofe which, though they had nearly 
attained their full srowth, were hard and appa- 
rently colourlefs. Whether the foft juicy pulp 
of the ripe fruit is more or lefs effeCtual than the 
pulp of the unripe fruit for giving colour, I 
know not; nor do I reco Hee whether the fa- 
vaces of Demerary and E ee in prepar- 
ing this colour, macerated th e pulp of the ripe 
or the unripe fruit for that purpofe. I have: 
fince my return to Europe, been informed that 
the bark and leaves of the genipa tree, by ma- 
ceration, afford a blue like that of the fruit. 
Shodld this prove true (which feems probable), 
it would doubtlefs render the cultivation thereof 
very profitable. 


Hogs and other animals, feeding upon the 
fruit of this tree when it falls fpontaneoufly on 
the ground, are faid to have their bones ftained 
with its colour, as happens to animals feeding 
upon madder, and fome other colouring mat- 
ters: 


Mr. Martin Lifter (in the VIth Vol. of the 
Philofoph ical Tranfactions, page 2132 ,) men- 
tions that ‘“ the feed hufks of glaftum fylveftre, 
«© old gathered and dry, being diluted with wa~ 
‘¢ ter, {tain a blue, which upon the affufion of 
© lye ftrikes a green, which green or blue, be- 

8 nf ing 
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«¢ ing touched w ith ¢! the oilof vitriol, dyes a pur- 
© ple; and all thefe colours (fays he) ftand.”— 
He adds, that ‘* on the 4s of the fungus tube- 
«© lofus (fo called by Mr. Wray in his Catalocue 
‘of the Plants of Eng sab are certain red 
knots, which, upon the affuGion of lye, will 
ftrike a pu rple, and ftand.” The juice of 
fome of the mufhrooms alfo becomes blue when 
expofed to atmofpheric air. The fame effect, 
according to Sennebier, happens to the milky 
juice of the tithy malus (euphorbia, Linn.). 


It is mentioned fomewhere in the Swedifh 
Memoirs, by Cronfted, sie the ftalks of the 
polygonum fagopyrum, Linn. by fermentation in 

vater, afford a blue which did not change either 
by acids or alkalies. 


Brown, in his Hiftory of Jamaica, p. 1 1435 
obferves, that “‘ the pulp of the berries of the 
‘¢ randia aculeata, Linn. (called in that ifland 
‘¢ the indigo berry, and which generally grow 
‘© very numerous on the {maller branches of the 
plant); is very thick, and ftains paper or 
cc Sica of afine fixt blue colour. I have tried 
«it (continues he) on many occafions, and 
« have always obferved. it to ftand, though 
cc i with either foap or acids; but it does 
‘© not communicate fo fine a colour with heat. 
t i would prove (he adds) an excellent fixe 
«© blue in all manner of paints and prints, if it 
‘© could be obtained in any quantity; but the 


‘¢ berry 1s not very sabe and the people as 
“ yet ate not very induftrious in thefe parts.” 


Having had no opportunity of trying the effects 
or properties of thefe berries, I can o1 ily recom- 
mend 
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mend them to the notice of others, which they 
feem to deferve. 


The gentleman who favoured me with a fpe- 
cimen of indigo, obtained from an oriental 
tree, which I concluded to be that called 
panitsjica-maram in the Hort. Malabar. as 
mentioned at page 141 of this volume, gave 
me alfo a very {mall piece of a hard green fub- 
{tance, which had been fent to him from fome 
part of the Eaft Indies, and which he called a 
Green Indigo. Upon feeing it, I flattered my- 
felf with a hope of its proving to be what the 
late Monf. de Poivre mentions in a little work, 
publifhed under the title of ‘* Voyages d’un Phi- 
lofophe,” 8c. as obtained by the inhabitants of 
Cochin China from a plant called ¢/ai, which, 
when macerated and fermented like indigo, yields 
a green fecula, capable of dying a fine, as well as 
a lafting emerald or green colour. ‘The quantity 
of this green fubftance thus put into my hands, 
was much too fmall even for a fingle decifive ex- 
periment, 1 however divided it into three parts. 
One of thefe I put into boiling water, which 
appeared to have no action upon it; but it was 
afterwards diffolved by a little oil of vitriol like 
common indigo, producing, naagnnels a green, 
inftead of ablue colour. A fecond of thefe parts 
1 diffolved with a little cauftic alkali and orpi- 
ment, in order to fee whether, excepting the 
difference of colour, it would poffefs properties 
fimilar to thofe of indigo when diffolved by the 
fame means, and like the latter be able to pro- 
duce a fixed colour on linen or cotton by topical 
application. This however it did not feem to be 
capable of doing: the remaining part ] eee 

a little 
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a little fpirit of wine, which diffolved a portion 
of it, though very flowly; a circumftance in 
which it differs materially from indigo, and 
feems in fome degree to refemble that green- 
coloured fecula which fome plants affard, and 
particularly the cruciform, when fermented like 
the indigo plant in warm weather. I confets, 
however, that thefe experiments were made on 
fuch very fmall quantities of the fubftance un- 
der confideration, that very little dependance 
ought to be placed upon them. But this is 
certain, that if a green colouring matter exifts, 
and can be*difcovered with properties in other 
refpects fimilar to thafe of indigo, it will bea 
moft important addition te the Materia Tinc- 
toria. 


No fubftantive vegetable yellow has been, 
as I believe, ever employed for dying in Eu- 
rope, though there are accounts of vegetables, 
growing in diftant countries, which feem capa- 
ble of affording fuch yellows with advantage. 
Mr. Clarkfon, in his eflay on the impolicy of 
the African Slave Trade, relates, that ‘‘ a gen- 
tleman, refident upon the coat, (of Africa,) or- 
dered fome woad to be cut down, to erect a hut: 
whilft the people were felling it (continues Mr. 
C.) he was ftanding by, and, during the opera- 
tion, fome juice flew from the bark of it, and 
{tained one of the ruffles of his fhirt. He thought 
that the ftain would have wafhed out; but, on 
wearing it again, he found that the yellow fpot 
was much more bright and beautiful than be- 
fore, and that it gained i in luftre every fubfequent 
time of wafhing.” Pleafed with the difcovery, 

L he 
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he fent home a fmall fample of the bark, which 
“‘ produced a valuable yellow dye, far beyond 
any other ever in ufe in this country.” 


Mr. Clarkfon adds, that this gentleman ‘ is 
fince unfortunately dead, and little hopes are en- 
tertained of falling in with the tree again.” 
The colour mentioned in this account, if there 
be no error in it, muft have been of that kind 
which I have denominated fubftantive colours, 
as capable of being fixed by dying, &c. without 
the aid of any aluminous, or other bafis. 


M. du Pratz, in his hiftory of Louifiana, alfo 
mentions a tree, or fhrub, feldom exceeding the 
thicknefs of a man’s leg, the wood of which, 
he fays, is yellow, and yields a water of the 
fame colour if cut in the fap. Both the wood 
and the water, he fays, have a difagreeable {mell; 
and the former is ufed by the natives for dying, 
firft cut into fmall pieces and boiled in water, 
into which they dip feathers, hair, &c. He calls 
it ayac, or ftinking wood; and as he mentions 
nothing of the ufe of allum, or any other bafis 
or mordant, this, if his account be accurate, 
mutt alfo. be a fubftantive colour. I fear, how- 
ever, that the information of perfons, not parti- 
cularly acquainted with the fubject, cannot be 
much relied upon refpecting the natures and 
properties of dying drugs. 


The roots and bark-of the Berberis vulgaris, 
Lin. afford’a yellow to wool without any bafis, 
bot it has not the fmalleft degree of permanency 
againft the action either of air or foap. ‘This 

fhrub 
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fhrub indeed furnifhes a remarkable inftance, to 
fhew how little can be difcovered refpecting the 
colouring properties of plants from their external 
appearances. A fimilar inftance lately occurred 
to me in the wood, bark, and root, of the Zan- 
toxylum clava Herculis, Lin. (the tooth-ach 
tree, or japan pepper tree,) every part of which 
is {trongly coloured of a moft beautiful yellow ; 
but haviag procured fome of it for trial, I could 
extract but little colour from it, notwithftanding 
its feeming abundance of tingent matter; and 
the little which I did extraét, was like that of 
the Berberis, utterly incapable of forming the 
leaft union with any bafis, or of refifting the 
action of air, or of foap, in any degree. . 


The feeds of the Bixa Orellana, (growing fpon- 
taneoufly in different parts of Guiana,) are CO 
vered with a reddifh pulp, which is colleéted and 
fent to Europe in different forms, under the names 
of annotta, arnotta, and roucou. It is princi- 
pally employed for dying filk, and fometimes 
for cotton; though its colour, by all the ways 
and means of applying it hitherto difcevered, 
is fo fugitive, that perhaps it would ibe better 
if it were never employed even for dying filk. 
It partakes fo much of a refinous nature, as to 
diffolve but very imperfectly in water; and 
therefore at /eaff an unequal weight of. pot-afh 
is employed to render it ioluble in that vehicle, 
and afterwards the filk or cotton is dyed therein 
without any aluminous or other bafis*. The 


* The liquid fold in different parts of the town, under the 
name of ‘* Scott’s Nankin Dye,’’ appears to be nothing 
but annotta diffolved by pot-afh in water. 
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colour of annotta becomes lefs red, and more 
inclined to the orange, when feparated from the 
feeds by maceration, in water, as is ulually prac- 
tifed; and by the addition of pot-afh, it is made 
to inckne ftill mere to the yellewhue. This 
laft change may, however, be readily overcome 
by adding any of the different acids to the dy- 
ing liquor, after fufficient colour has been taken 
up by the falk or cotton dyed pd though 
argol or tartar is generally preferred for this 
purpofe, becaufe it not only raifes the colour, 
but feems to render it a little more fixed. Ic 
is remarkable, that though the colour dyed with 
annotta fades very faft by expofure to air, it pow- 
erfully refifts foap, and the action of the ftrong- 
eft acids. And it certainly affords one, among 
feveral inftances, of colours which decay by 
causes very different from combuftion; becaufe 
linens and cottons dyed in the ufual ways with 
annatta, and afterwards wetted with oxygenated 
muriatic acid, imftead of fuffering a diminution 
of colour, were enabled by it to bear expofure 
to the weather longer, and with lefs injury than 
pieces of the fame dyed linens and cottons, to 
which none of the oxygenated acid had been 
applied, as I obferved on repeated trials: and 
when we fee that the colours of indigo and 
madder, the moft durable of all thofe iste n by 
the art of cying> are Ipeedily deftroyed by this 
oxygenated acid, and that it has no fuch de- 
itruétive action upon fome of the moft fugitive 
of all dyed colours, (fuch as that of annotta, ), we 
certainly muft conclude, that the colouring mat- 
ter of this laf’ fubftance is conftitured very dif- 
ferently from that of madder and of indigo, and 
tuiceptible of being preférved as well as de- 


{troyed 
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ftroyed by very different means. The deftruc- 
tion, therefore, of all dyed colours, cannot juftly 
be imputed to any fingle caufe, be it com- 
buftion or any other; nor ought we to confi- 
der the oxygenated murtatic acid as acting on 
colours in the fame way as air, when one pre- 
ferves what the other deftroys. The frefh pulp 
of the Bixa Orellana taken immediately from 
the fhrub whilft growing, and applied to cotton 
without the addition of any alkali, feemed to 
afford a colour more lafting and higher, or more 
approaching to the red, than what can be dyed 
from the pulp feparared by maceration, as 1s 
done in producing the common annotta. The 
greateft confumption of this article, at leaft in 
Great Britain, is, in giving a kind of yellowifh 
orange to cheefe, for which it is very: fuitable, 
becaufe it is harmlefs, and nearly taftelefs. 


The Lawfonia inermis of Linn. -has long been 
ufed throughout India, Perfia, Arabia, Egypt, 
and in many other parts of Africa, for giving a 
reddith ftain to the nails, lips, &c. It is the 
Liguftrum A’gyptiacum of Profper Alpinus, and 
the Hinna of the Arabians. Sir William Jones 
relates, that being at the ifland of Hinzuan or 
Johanna, and obferving a very elegant fhrub, 
about fix feet high, not then in bloffom, he 
learned that it was the “ Hinna,” of which 
he had read fo much in Arabian Poems. 
«© Mufa (one of the inhabitants, fays he) 

bruifed fome of the leaves, and having 

moiftened them with water, applied them to 
our nails and the tips of our fingers, which in 

a fhort time became of a dark orange fcar- 

let.”’——N teuhoff lays, “¢ they prepare the tinc- 

Oe “© ture 
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<<‘ ture by fteeping the leaves after they have 
«© been rubbed {mall upon a marble ftone, in 
“<¢ fair water, mixed with a fmall quantity of 
«¢ Jime.”—“* With this (continues he) the 
‘ Turks and Perfians alfo dye their horfes’ 
¢ tails.” This fhrub, according to Adanfon, is 
called foudenn by the negroes of Senegal, where 
it is ufed both by the men and women to give 
their. nails a red ftain, which Jafts until the fub- 
ftance of the nails changes by growth. As the 
colour of this fhrub requires no kind of bafis 
or mordant, it muft naturally belong to the 
clafs of fubftantive colours. 


n~ 


“Aw 


I lately received a few ounces of fmall feeds, 
inclofed in a flea-coloured hufk, but without any 
information refpecting the plant on which they 
grew. They were brought from the coaft of 
Barbary, where, as ] was informed, they are 
ufed in dying red or pink colours. In two or 
three fmall trials which I made with them on 
filk, they appeared to pofiefs a fubftantive co- 
Jouring matter, firnilar in fome refpeéts to that 
of faffower. At firft 1 thought they might be 
the feeds of the Gardenia florida, which, accord- 
ing to the accounts of Mr. James Cunningham, 
who formerly travelled into different parts of the 
Eaft-Indies in purfuit of natural curiofities, the 
Chinefe employ for dying /carlet, under the 
name of umki*. I found, however, that this 


* Dr. Plunkenet, in his Amaltheum, page 2g. fays, 
Semina tin¢toribus inferviunt iis enim ab indigenis Sinen- 
«¢ fibus optime tingitur nobilis ille color, quem ¢farlatinum 
noftrates vocant, ut nos monuit vir multiplicis induftrie 
«« atque indefefli laboris hac in parte, D. Jacobus Cun- 
** ninghamus.”’ 


could 
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could not be the cafe, as the feeds of the Gar- 
denia grow inclofed, feveral of them in one com- 
mon cap! ule, alse | in a rich coloured muci- 
laginous fubftance ; whereas the Barbary feeds 
evidently grow without any fuch inclofure. I 
cannot difcover whether the feeds of Gardenia 
ought to be confidered as a fubftantive or an ad- 
jective colouring fubftance ; all accounts refpect- 
ing them being “defe@tive. 


There are sic fpecies of Lichen, or mofs, 
capable of. producing fubftantive colours of va- 
rious complections, “and of different degrees of 
durability. M. Weftring appears to have lately 
made numerous experiments in dying wool and 


filk with the different moffes which grow abun- 


dantly in Sweden. His firft publication on this 
fubject, i in the tranfactions af the Stockholm So- 
ciety, relates to his experiments on the moffes 
denominated Leprof. He found ammoniac or 


volatile alkali to be the moft active diffolvent 
of their colouring matter: mordants appeared 
hurtful, as the gummy parts of the moffes did 
not bear the action of acids. Their colours were’ 
various; and fome of them yielded their co- 
louring matters by maceration in cold water 
only ; and thefe were afterwards as capable of 
being fixed by dying, as thofe extraéted by am- 
moniac. . Some of the moffes in this country, 
(particularly the Lichen petraeus purpureus Der- 
bienfis of Parkinfon *,) and many in America, 
not yet brought into ule, feem capable of being 
employed with advantage in dying. But of thefe 


* Cork or arcel. 


lL 4 I fhall 


152 PHILOSOPHY OF 


I fhall fay more in a futare volume ; and-in the 
mean time refer my readers to Mr. Berthollet’s 
work for what is at prefent known refpecting the 
two {pecies ufually employed for the preparation 
of archil. I mean the Lichen roccella, and the 
Lichen parellus, Linn. 


To this clafs alfo belongs the Carthamus tinc- 
torius, or fafilower; but my own experiments 
having afforded nothing of importance refpect- 
ing it, I fhall in like manner refer my readers 
to Mr. Berthollet for information on this fub- 
yet. 


There is a fpecies of colouring matter diffufed 
in greater or lefler proportions through the barks 
and other parts of almoft all trees and fhrubs, 
and which, without any bafis or mordant, per- 
manently dyes or ftains wool, filk, cotton, and 
linen, of that particular kind of colour which 
the French call ‘ fauve,” (fawn-colour,) and 
fometimes couleur de racine, ou de noifette, 
{root, or hazel-nut colour.) This being na- 
turally blended with fome of the more valuable 
colours of vegetables, frequently does harm, by 
degrading or obfcuring them. It is found moft 
abundantly in the peeling or hufks of walnuts, 
( Jugians regia,) in the roots of the walnut-trees, 
in alder, bark, &c.; and it feems to acquire 
both bedy and permanency by attracting and 
combining with the bafis of pure air, Mr. Ber- 
thollet has, however, treated fo fully and fo well 
of the properties of this kind of colouring mat- 
ter, when applied fubftantively, that I cannot 


do betier than refer my readers to that part of 
his 
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his work which relates to it; obferving at the 
fame time, that the colouring matter in quef- 
tion, though capable of being permanently fixed 
without any metallic or earthy bafis, does how- 
ever, in fome inftances, acquire new and more 
ufeful properties when applied with a bafis adjec- 
tively, which I fhall more particularly notice here- 


after under the proper heads. 


There are three fpecies of poifonous fhrubs 
or vines growing m North America, and con- 
taining in their ftems, leaves, &c. a white milky 
juice, which when applied to linen, cotton, or 
filk, produces a ftain, which foon becomes of 
a full, ftrong, lively, and durable J/ack colour, 
incapable of being difcharged by repeated walh- 
ings, or impaired by the weather. Thefe are 
the Rhus vernix, (growing likewife in Japan;) 
the Rhus radicans ; and the Rhus toxicodendron, 
Linn. Some trials which I formerly made in 
America feemed to indicate the laft of thefe as 
affording the deepeft and moft permanent black. 
But in all of them this colour probably depends 
on the addition of oxygene to the colourable 
matter ; an addition which, in the formation of 
indigo, produces only a blue, whilft in the pre- 
fent inftance it changes a white milky juice to 
the greateft poffible extreme, by rendering it of 
a full ftrong black. 


The fruit or beans of the Avicennia tomen- 
tofa, Linn. called Malacca beans, or marking 
nuts, have long been ufed in the Eaft-Indies for 
marking upon cottons, &c. They contain each 
a {mall kernel, furrounded by a vifcid blackith 
juice, which in fome that were lately given to 

me, 
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me, by a gentleman who had been poffeffed of 
them near ten years, very much refembled tar, 
both in colour and confiftence; though it feems 
probable that in the frefher beans the juice is 
more fluid, and of a lighter colour. Having 
extracted fome of this juice, I applied it topi- 
cally to a bit of white callico, which it pene- 
trated thoroughly, and being fuffered to dry, it 
was both wafhed and boiled in foap fuds, and 
afterwards expofed to the weather for the fpace 
of two months, aise which time it had be- 
come decidedly. black, (probably by attracting 
oxygene ;) but as the juice had been at firft fo 
thick and vifcid, it feemed more like a painted 
than a proper dyed or ftained colour. Ofbeck 
fays, that in ufing thefe beans, the letters or 
marks fhould be covered, while wet, with quick 
Time, which enables them to bear wafhing, and 
prevents the juice from hurting the ftuffs mark- 
ed with it. Whether lime be meceffary for thefe 
purpofes may, I think, be doubted, fince, though 
1 ufed none, the colour was not weakened by 
wafhing, nor did the cotton appear to have re- 
ceived any injury: and refpecting any injury to 
the ftuffs, this was an effe¢t which feemed of all 
others the moft unlikely, as the juice in quef- 
tion, which I tafted, had not the {malleft degree 
of acrimony. 


Koempher (Am. p. 739-) has improperly 
called this ‘* Anacardus Pie catia ’ it being a 
pod-bearing tree, very diffimilar to the true 
anacardium or cafhew “nut, which alfo affords a 
juice capable of giving a Jafting brown ftain to 
linens and cottons, Several other vegetables 
produce efects of the fame kind, but they either 

do 
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do it fo fparingly, or the colours they afford are 
of fo little value, as to deferve no particular 
notice. 


OE. ele Ui a 4 Ts 
Of Mineral Subjftantive Colours. 


** Rien n’eft plus facile dans les fciences fondées fur l’ex- 
** perience que de multiplier les faits particuliers, 
<* mais ces faits ne font dignes d’attention, que 

Vorfqu’ils fervent a conduire a des vérités géne- 

ralés, ou que prefentant au contraire, des fingu- 

larités nouvelles & imprevus, ils deviennent un 

objet de recherches.”” Hust. de l’Acap. RY, 
&c. 1777. 


RACH of the metals and femimetals is capa- 
ble, when diffolved, of becoming a bafis 
or mordant, for fixing and modifying fome 
at leaft of the different adjective animal or ve- 
getable colouring matters, with more or lefs ad- 
vantage, by dying. But befides this property, 
which will be made a fubjeét of future confi- 
deration, feveral metals and femimetals, or ra- 
ther their folutions or oxides, are capable of be- 
ing united and fixed directly in the fibres of 
linen, cotton, filk, and wool, and of thereby 
producing various permanent fubftantive co- 
lours. It is indeed true, that hitherto but few 
metallic preparations, excepting thofe of iron 
and copper, have been ufed in this way, or for 
this purpofe ; I mean that of giving fubftantive 
colours, 
Iron, 
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Iron, by whatever means diffolved, poffeffes 
fo much affinity to linen and cotton, that when 
applied to them its oxide or calx decompofes and 
fixes itfelf permanently in their fibres, and there- 
by produces colours differing confiderably from 
each other, according to the different ftates in 
which the oxide may have been applied, parti- 
cularly in refpe& of thé portion of oxygene 
combined with it. But as the oxide of i iron, in 
all fates, and however obtained, is ttrongly dif- 
pofed to attract the oxygene of the atmofphere, 
its different colours, by this addition, foon lofe 
their peculiar fhades or variations, and acquire 
the rufty colour of what is commonly called iroxz 
mowid. This addition, moreover, foon renders 
the oxide in fome degree corrofive, and joined 
perhaps to the rigidity which it occafions by con- 
creting in the fibres of wool, filk, cotton, and 
hinen, it difpofes them to become feeble, or, 
as it is commonly exprefled, rotteg. There are 
few, if any, who have not obferved inftances of 
this effe& from fpots of what is called iron mould 
on linens, &c. which produce holes, long be- 
fore any appear in other places. But where iron 
is ufed in dying, merely as the bafis of animal 
or vegetable colouring matters, thefe laft, by 
combining with its particles, leffen their difpo- 
fition to attradt oxygene, and by keeping them 
farther afunder, fo far prevent their concretion, 
as in a confiderable degree to obviate the rot- 
tennefs in queftion; though there is but too 
much reafon to fear, that even in this way ftuffs 
dyed with a ferruginous bafis or mordant, are 
the lefs durable from that circumftance, and that 
it is from the ufe of this metal that the rotten- 

nefs 
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nefs fo generally complained of, as accompany- 
ing the black dye, principally refults. 


The ufe of what is commonly called iron li- 
quor, (acetite of iron,) made by diffolving that 
metal in vinegar, alegar, 8ac. is well known 
both as a mardant or bafis for black, purple, drab, 
and olive colours, &c. in callice printing, and 
alfo as a topical fubftantive colour or ftain for 
application by the block and pencil in callice 
printing. ‘This latter ufe of it, however, can- 
not be too much dilcouraged, for the reafons 
already alleged. 


Lately, the acid of tar has been employed in 
this country to diffolve iron, and produce an 
iron liquor, which is ufed by callico printers, to 
give a fubftantive topical flain of a darker brown 
than what the common iron liquor produces, 
A fimilar effect may be produced by combining 
arfenic with the oxide of iron; but no benefit 
can refult from this, equal to the danger of put- 
ting that poifonous drug inta the hands of care- 
lefs, and fometimes ill-difpofed people. 


At Manchefter, fubftantive buf colours are 
dyed with a diluted folution of iron, by the ni- 
tric acid ; firft neutralizing it by an addition of 
pot-ath, and taking care, after the dying is per- 
formed, to wath off all the loofe or fuperfluous 
particles of iron, that it may not injure the cot- 
tons by an excefs in quantity. But the colour 
dyed in this way is certainly accompanied with 
fome degree of rottennefs, from the caufes be- 
fore mentioned, and liable to ather incan- 


veniences, 
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veniences, particularly that of turning black, if 
accidentally wetted by tea, &c. 


Iron diffolved by miuriatic acid, affords a 
ereenifh-coloured folution ; and this being ap- 
plied to linens and cottons, the iron fixes itfelf, 
and attracting a confiderable portion of oxygene 
from the atmofphere, produces a very fine yei- 
low ftain. But a fingle wafhing deftroys this 
beautiful yellow, (which depends wholly upon 
the union of muriatic acid, oxygene and iron,) 
and reduces it to the common rufty iron mould 
colour. Indeed this defect, as has been already 
mentioned, attends all the preparations of iron, 
however various their colours may be, at firft ; 
and therefore, as well as in confideration of the 
rottennefs which they occafion, when applied 

fubftantively to linens and cottons, | am much 
~ more inclined to difcourage their ufe in this way, 
than promote it by any farther ex splanations. 


The ufes of copper, as a bafis in dying ad- 
jeCtively, will fall under our confideration here- 
after. At prefent I have only to mention its 
properties as a fubftantive colouring fubftance. 
The folutions of this metal readily unite to the 
fibres of linen and cotton when applied to 
them; and being fo united, whatever may have 
been their original colours, they fpeedily attract 
oxygene fou the atmofphere, and are thereby 
rendered green; a colour which, when pro- 
duced in this way, 1s fufficiently durable upon 
linen and cotton, fo far as refpects the impref- 
fions of air; but,-when wafhed with foap, the 
oxide of copper is readily difengaged wii the 

inen 
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linen or cotton, and combining with the foap, 
which it curdles, feems to form with it a kind of 
green paint. 


In this refpect, however, the folution of cop- 
per by ammoniac, (volatile alkali,) differs I be- 
lieve from all the other folutions of that metal ; 
for when it is applied to linen or cotton, though 
by abforbing oxygene it foon loles its fine blue 
colour and becomes green, yet foap in wafhing 
does not feparate or difchar ge the ammoniated 
calx, except by very flow degrees ; fo that, with 
care, it will refift a great number of wafhings 
without much diminution of its colour; and as 
it fuffers nothing from the action of air, I think 
it might be advantageoufly employed, particu- 
larly on fine muflins, as affording a very delicate 
though pale fubftantive green, . and efpecially 
fince in this way it may be applied {o very rea- 
dily and conveniently. Water fhould be made 
to diffolve as much ammoniac as it can for this 
purpofe, and the folution fhould be fully fatu- 
rated with copper; after which it muft be fuffi- 
ciently thickened with gum, and kept in bottles, 

clofely ftopped, pouring it out by a little at a 
time when wanted for penciling. I have fome- 
times thought the colour fomewhat improved, 
when, inftead of diflolving copper in its me- 
tallic ftate, I diffolved the nitric calx of that 
metal by volatile alkali; but at other times this 
fuppofed improvement has appeared doubrful. 


Subftantive copper-greens have fometimes 
been dyed from fulphate of copper with lime 
and foap fuds, employed fo as to precipitate the 
particles of copper upon the ftuffs intended to 
be dyed; but the colour given by thefe means 


is 
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is fo fugitive, that it deferves no farther no- 
tice. 


There are feveral of the other metals and 
femimetals which, when precipitated or depofed 
upon animal and vegetable fubftances, in a kind 
of middle ftate between the metallic and the 
oxidated, combine therewith, and produce very 
durable fubftantive colours. To effect this pre- 
Cipitation, it is neceflary that the feveral me- 
tallic oxids fhould be deprived of a canfiderable 
part of their oxygene; and this happens to them 
more readily, when applied to wool, (from its 
animal nature,) than when applied to filk; and 
when applied to the latter, (from its mixed na- 
ture,) more readily than if applied to linen and 
cotton, But vegetable fubftances are eafily ren- 
dered capable of producing this effect, by firft 
impregnating them with either animal, alkaline, 
or inflammable matters; for which reafons will 
readily occur, after what has been heretofore fo 
often explained. In thefe cafes, light frequently 
concurs with the matters laft mentioned, ta haften 
a feparation of the oxygene. Hiallot ablerves*, 
that characters traced on writing-paper with a 
diluted nitro-muriate of gold, began after a few 
hours expofure to.the air, (he probably fhould 
have faid light,) to manifeft colour, and foen 
after became of a very dark viglet—-‘* violet 
“¢ forcé prefque noir.” But when fhut up in 2 
clofe box, he fays, the writing did nat become 
vifible during feveral months. And he adds, 
that the like happened to characters written, with 
a diluted nitrate of filver, though they became 
very vifible in the fpace of an hour when ex- 


* Mem. de Acad. R. &¢. 1737; 
13 poled 
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pofed to the fun’s rays. See Mem, de l’écad. 
R¢ des Scien, de Paris, 1737. 


Dr. Brugnatelli (Ann. de Chymic, tom. iti.) 
alfo mentions, that characters written with a fo- 
lution of gold become of a fine purple when ex- 
pofed to the vapour of {pirit of wine (which de- 
prives them of oxygene), and of a deep red co- 
lour in the hepatic or fulphureous inflammable 
air. 


Every one who has had much occafion to han- 
dle the nitro-muriatic folution of gold, will pro- 
bably have found his fingers fometimes ftained 
with it of a fine reddifh purple colour. This 
has happened to mine very often, and nothing ~ 
but the wearing off or abrafion of the fkin would 
ever remove it. By impregnating linens, cot- 
tons, and filk, with animal, inflammable, alka- 
line, and fome other matters, they are enabled 
to receive fine durable purples by the like fo- 
lution. The yolk, as well as the white of egg, 
having been beat up with water and a little fugar, 
I foaked fome muflin therein, and when dry, 
applied a diluted nitro-muriate of gold to it, to- 
pically, which produced a very fine ftrong pur- 
ple. Cotton, impregnated with lintfeed oil, re- 
ceived from the like application a ftrong violet 
colour, as it did when impregnated with foda, 
and acidulous arfeniate of pot-afh (Macquer’s 
arfenical neutral falt): being impregnated with 
foda, fulphure of pot-afh, and fugar, the cotton 
received an olive brown by the fame applica- 
tion; and a blackifh brown, when impregnated 
with alcohol and liver of fulphur. Having 
foaked cotton and filk in a diluted muriate of 

M tin, 
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tin, I plunged them into water which contained 
a little powdered chalk, and preffing out the wa- 
ter, dried them; this being done, I applied to 
them topically, by the pencil, a diluted nitro- 
muriate of gold, which produced, wherever it 
was applied, a {trong lively purple colour, ap- 
parently of a very durable nature. ‘This effect 
is fimilar to that which takes place when the fo- 
lutions of gold and tin are mixed together, and 
the metallic oxides having a ftronger attraction 
for each other than for their acid folvents, unite, 
and, by reafon of their gravity, precipitate toge- 
ther in the form of a purple powder, which con- 
fits of both of thefe oxides, though the colour 
is wholly owing to that of the gold. 


Leeuwenhoek mentions (Philofoph. Tranfact. 
Vol. xxiv.), that by touching nitrate of filver, 
his fingers were ftained black; and that finding 
it impoffible otherwife to remove the ftain, he 
cut off and burnt the fkin, and then examining 
it by a microfcope, he found the filver revived 
in a multitude of little globules.—** I have ly- 
*¢ ing on my defk (continues he), a linen hand- 
«© kerchief, which was ftained with aqua-fortis, 
‘¢ impregnated with filver, with a large black 
‘* fpot about as large as a fhilling;” and he 
adds, that having ineffectually tried to difcharge 
the colour by fix wafhings, and by laying the 
handkerchief out to bleach, he cut out the 
ftainéd part, burnt it to coal, and viewing it by 
a microfcope, faw thoufands of fine filver glo- 
bules therein. The effect here mentioned to 
have been produced upon the fkin, accords with 
that which folutions of filver are known to pro- 
duce in blackening hatr, and other animal fub- 
{tances ; 
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ftances ; but in reading this accou I thought 
it extraordinary that clean i 0 
with no animal, inflammable, or alkaline mat- 
ter, fhould fo far deprive nitrate of filver of its 
acid, as to produce the effect defcribed; and I 
repeated the experiment feveral times without 
fuccefs. At length, however, I took a filver 
tea-fpoon, which had ftood half filled with aqua- 
fortis for feveral weeks, and which on the hol- 
low infide was become almoft black by it, and 
by the oxygene of atmofphere which it had at- 
tracted, and having poured out the more fluid 
part of the folution, I rubbed a bit of cambric 
again{t the wet oxidated hollow furface, and 
hanging ic up for a few days in the open air, 
on the funny fide of a wall, I found the cambric 
permanently ftained of a very dark violet co- 
lour. A fine piece of cotton, however, by the 
fame means received but a very flight difco- 
loration. Though cotton, when impregnated 
with foda and the acidulous arfeniate of pot-afh, 
received a {trong durable flate colour by being 
touched with diluted nitrate of filver; a drab 
colour by the fame means when impregnated 
with foda and fugar; a dark olive brown, with 
fulphure of pot-afh (liver of fulphur), and fpirit 
of wine; the fame with foda, liver of fulphur, 
and fugar; and being impregnated with white 
of ego, beat up in water with fugar, the cotton 
received from the nitrate of filver a very ftrong 
brownifh black; and when cauttic vegetable al- 
kali was added, it became a little blacker. The 
yolk, inftead of the white of egg, produced 
nearly the fame effect. All thefe colours were 
often wafhed, and expofed for a long time to 
the weather, without being changed, 

M 2 The 
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The oxides of mercury very eafily give up 
their oxygene, and therefore they are readily 
precipitated by the means before mentioned 
upon vegetable as well as animal fubftances, af- 
fording generally either black or dark colours, 
though of but little permanency, becaufe the 
refidue of their oxygene foon feparates, and the 
mercury recovers its fluid metallic form. Ni- 
trate of mercury applied to cotton, which had 
been impregnated with foda, produced at firft a 
yellow, v which foon changed to an olive, and 
being wafhed with foap, to a full black colour ; 
but after a few days expofure in the open air, it 
almoft entirely dif (appeared. On cotton, im- 
pregnated with foda and fulphure of pot-afh, it 
immediately produced a black, which, by wafh- 
ing and expofure in open air, changed in about 
ten days to an olive, and foon after difappeared. 
On cotton, impregnated with fulphure of pot- 
afh and fpirit of wine, it alfo produced a black, 
which difappeared like the former; and with 
cauftic vegetable alkali it produced nearly the 
fame effect. With orpiment, diffolved by pot- 
afh, it produced a very deep black, which ftood 
two or three weeks expofure to the weather; af- 
ter which the mercury began to revive, and the 
colour to difappear in fpots. 


Nitro-muriate of Platina, applied to cotton 
and filk, impregnated with foda; with foda and 


liver of fulphur; with foda and the sbidlwlonks 
arfeniate of pot-afh; with orpiment diffolved in 
pot-afh ; with liver of fulphur and alcohol; and 
with lintfeed oil, feverally, produced various 
purples, olives, aailé and reddifh browns, mo 
ef which appeared fufficiently durable. 


N itrate 
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Nitrate of cobalt applied to cotton, impreg- 
nated with foda; with foda and acidulous arle- 
niate of pot-afh ; and with cauftic vegetable al- 
kali, produced lively pink and rofe colours, 
which ftood wafhing and expofure to weather for 
a confiderable time. 


The oxide of cobalt, diffolved by muriatic 
acid, and applied to cotton impregnated with 
foda, when held to the fire exhibited the moft 
beautiful green, which, as the cotton cooled, 
changed to an apple-green ; then paffed through 
all the fhades of yellow, and became a kind of 
pale buff colour, which the oxide retained after 
the cotton had been wafhed with foap; but then 
on being heated, it was found to have loft the 
property of becoming green, though on dipping 
it into a diluted muriatic acid, it immediately 
regained and exhibited the fame property. Thefe 
effects are connected with thofe which fimilar fo- 
lutions of cobalt produce as fympathetic inks; 
though I confefs myfelf diffatisfied with all the 
explanations hitherto given of them. Perhaps 
I may offer another hereafter. The prefence of 
muriatic acid is effential to their exiftence, the 
nitrate of cobalt producing no fuch phenome- 
non; nor did I find that the prefence or abfence 
of light had any effect in retarding or promoting 
any of the changes of colour here mentioned. 


The nitrate of nickle applied to cotton im- 
pregnated with foda and fugar, produced a 
green, but not fufficiently durable to be of any 
ule in. this way. 


M 3 Nitrate 
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Nitrate of manganefe by fome of thet 
preg onations produced different browns, which 
iéemed to pofiefs confiderable pérmanency. 


oO 


M~ 


I could add the refults of feveral other a 
plications of this fort, but at beft they would 
only prove to be what Bacon Lord Verulum has 
termed Experiments of light rather than of fruit; 
and indeed this may be the cafe with many of 
thofe which I have juft related. It would not, 
however, be the cafe of thofe which regard the 
application of gold as a fubftantive colour, if 
the dearnefs of that metal were not an obftacle 
to its ufe in this way; fince the beauty of its 
purples and violets, and the facility of applying 
them topically and permanently by the pencil to 
fine muflins, filks, &c. would otherwile render 
them very defirable and ornamental. It is 
doubtlefS on principles fimilar to thefe before 
mentioned, that fome compofitions which afford 
very durable black colours for marking on linen, 
&c. are now made and fold in L ondon. Soda, 
diffolved and thickened by a little ifinglafs, or 
fome animal mucilage or glutinous matter, is 

obably firft applied, and, when dried, names 
or " ‘tters are written thereon, with a pen dipped 
in par ‘ticular metallic folutions. 


In the firft Volume of Ann. de Chymie, Mr. 
3 Hews obferves, that ae fimple mixture of 
oxide of lead with lime, blackens wool, hair, nails 
of animals, and white of ege, but not filk, nor 
{kin, nor the yolk of egg, nor animal oil; and 
that fome perfons ufe this mixture to render white 
or grey hairs black, firft flackening the lime. To 


Try 
try 
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try its effects in dying, I boiled flannel in lime- 
water with litharge, “and found that it took a 
pretty full black, Which ftood wafhing with foap 
and expofure to the weather. Strong acids dif- 
folved the lead, and changed the colour ; but 
the application of vinegar did not feem to do fo. 
The lime, however, weakened the texture of the 
wool confiderably, as he has alfo obferved. W he- 
ther this evil can be avoided by ufing it more 
fparingly, I have not yet afcertained. I found 
the mifchief greatly increafed by adding orpi- 
ment, which feems to produce a fimilar effect in 
thofe depilatory compofitions firft brought to 
Europe from Turkey. 


C HAP. Vid 
Of Adjective Colours generally. 


“¢ Les faits font de tous les temps, ils font immuables, 

“ comme la nature dont ils font le langage; mais 

les confequences doivent varier felon l’etat des 
connoiffances acquifes.”’ 

CuHarptat Elemens de Chimie. 


ta eter adjeCtive colours owe their durability, 
and frequently their particular complec- 
tions, as well as their luftre, to the interpofition 
of fome earthy or metallic bafis; which, having 
a confiderable attraction both for the colouring 
matter, and the fibres of the ftuff about to be 
dyed, ML mabihes with and ferves as a bond of 
union between them. Thefe earthy and me- 
tallic fubftances, having been ufually employed 
M 4 in 
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ina a ftate of folution or combination with acids, 
e from that circumftance denominated mor- 
fee (biters or corroders) by the French, who 
indeed began to employ the term long before 
any thing like a true theory of dying had been 
eaaceied 4 whilft even allum was fuppofed to 
act by its fulphuric acid, and not by the pure 
clay upon which its ufefulnefs depends, and 
whilft in truth all the other matters called mor- 
dants were fuppofed to be ufeful only by their 
folvent or corroding powers ; and the term hav- 
ing been thus introduced, has been fince adopt- 
ed in other countries. The ingenious Mr. 
Henry of Manchefter tii, ibe lately ob- 
jecte ed to it, with great reafon*, and propofed 
in its ftead to employ the term dafis, a term 
which feems defective only in as much as it does 
not exprefs that particular affinity, or power of 
attraétion, which mianifeftly fubfifts between 
thefe earthy and metallic fubftances, and the 
feveral adjective colouring matters, as well as 
between the former and the fibres of wool, filk, 
cotton, &c. I confefs, however, that no other 
lefs objectionable term has occurred to me; and 
being unwilling to propofe new terms, without 
fome cogent reafon, I fhall employ both the 
term of mordant and that of bafis; though not 


indifcrim1 inately, 1 in all cafes a eae fince I fhall 
generally ufe the former to fignify thefe earthy 


and metallic fubftances, eh ac ually diffolved 


by fome acid, alkaline, or other folvent, and 
when of courie they will commonly prove more 


* Se € his << Confiderations relative to the Nature of 
<< Wool, Silk, and Cotton, as Objects of the Art of Dy 
« ing, &c.’’ in the third Vol, of the Memoirs of the Man-+ 
chefter Society. 

or 
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or lefs corroding or biting, aacanaing to the 
original meaning of the term. But the deno- 

mination of bafis will mot frequently be em- 
ployed to defignate the fame earthy and metallic 
fubftances, diftingtl ly and feparately from any acid 
or other folvent, either in relation to their proper- 

ties, when actually fixed in the pores or fibres of 
wool, filk, &c. or when it 1s not intended to no- 
tice any property which may more immediately 
refult from their combinations with any particular 
menftruum. Mr. Berthollet indeed gives the 
term mordant a much more extenfive fignifi- 
cation, as meaning all the different chymical 
agents capable of ferving as intermedia, be- 
tween the feveral colouring particles, and the 
ftuffs to be dyed with them, either for the pur- 
pofe of affifting their union, or of modifying 
$6. aries laft effect (of modification ) may, 
however, be produced by a variety of matters 
befides thofe which are of the earthy or metallic 
kinds, and indeed by every thing capable, not of 
fixing, but of varying only, the fhades of ad- 
jective colouring matters. ‘Thefe, therefore, I 
think it more proper to defignate, not as mor- 
dants or bafes, but as a/terants, whofe ufe and 
application may in this refpect be extended to 

fubftantive as well as to adjective colours. 


The true natures and ufes of mordants or 
bafes for the purpofes under confideration, can, 


* «© J,’?on donne le nom de mordant aux fubftances qui 
ie: nt d’intermedes entre les parties colorantes & les 
offes que lonteint foit pour facilive ‘r leur combinaifon, 

it pour la modifier,” Llemens del’ Art de la Teinture, 


I be- 
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I believe, in no way be fo diftin&tly manif fefted, 
or fo clearly Mufteated, as by their effects in 
what I fhall call sopical dying, or that fpecies of 
it by which different colours are communicated 
to particular fpots or figures, on the fame piece 
of cotton .or linen, according to the feveral 
bafes previoully aj Beye thereto, and which prin- 
cipally conftitutes that truly wonderful art, the 
art of callico-printing. 1 fhall therefore in this 
place bring under my reader’s notice fome of 
the more important operations of that art, re- 
verting at the fame time, as far as we can, to- 
wards its remo te origi n, in order to fee how and 
by what means it has attained its moft importan 
improvements. 


Pliny defcribes the Egyptians as practifing a 
Species of topical dying, or callico-printing, 
which, as far as can be “difecvered from his ge- 
neral terms, appears to have been fimilar to that 
which, many ages after, was found to exift in 
Windoftan and other parts of India, and was 
from thence introduced into this and other coun- 
tries of Europe. He fays, the Egyptians be- 
gan by painting or drawing on white cloths, 
(doubtlefs linen or cotton,) with certain drugs, 
which in themfelves poffeffed no colour, but had 
the property of attracting or abforbing colour 
ing matiers. After which; thefe cloths were 
immerfed in a heated dying liquor, and though 
ie were colourlefs before, and though this dy- 
go liquor was of one uniform colour, yet when 
ken out of it foon after, they were found to 


—_ 


{al 


be ye wonderfully tinged of different big ac- 
cording to the differ ent natures of the Weeral 


drugs 
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drugs which had been applied to their different 
parts ; that thefe colours could not be afterwards 
difcharged by wafhing, &c.* 


Whether the Egyptians borrowed this won- 
derful art from the Hindoos and other inhabit- 
ants of India, or whether the latter borrowed it 
from the Egyptians, is a queftion which proba- 
bly may be anfwered without much difficulty, if 
we confider the many reafons which there are for 
believing that this art has been practifed over 
the greateft part of India during a long fuc- 
ceffion of ages; that not only the art itfelf fub- 
fifted there, but that the colouring, and other 
materials for exercifing it, were the natural and 
peculiar productions of that country rather than 
of Egypt; that the Indians were highly civilized 
at leaft twenty-two centuries ago, during which 
fpace of time their manners, fanctified (if I may 
fo exprefs myfelf) by being conneéted to their 
religion, fuffered little, perhaps no change ; and 
their trades were carefully perpetuated in parti- 
cular families; and alfo that among thefe their 
manufactures were undoubtedly of very great 
antiquity, whilft obvious ways, by which they 


* «« Pingunt et veites Agypto inter pauca mirabili ge-~ 
nere, candida vela poftequam attrivere illinentes non 
coloribus, fed colorem forbentibus medicamentis. Hoc 
cum fecere non apparet in velis fed in cortinem pigmenti 
ferventis merfa, poft momentum extrahuntur pitta. Mi- 
rumque cum fit unus in cortina colos, ex illo alius atque 
alius fit in vefte accipientis medicamenti qualitate mu- 
tatus. Nec poftea ablui poteft. Ita cortina non dubia 
confufura colores fi pictos acciperet, digeret ex uno, pin- 
gitque dum coquit. Et adufte veftes firmiores fiunt 
quam fi non urerentur,’? Priniy, 1. xxxv. fect. 42. 


. 789. 


might 
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might have been eafily extended to Egypt, and 
other countries, undoubtedly exifted long before 
the time when Pliny wrote. 


«ce 


Major Rennell obferves, that ** a paffion for 
Indian manufactures and products has actuated 
the people of every age, in lower Afia, as well 
as in the civilized parts of Europe: The deli- 
cate and unrivalled, as well as the coarfer and 
more uleful fabrics of cotton of that country 
particularly fuiting the inhabitants of the tem- 
perate regions along the Mediterranean and 
Euxine feas. To this trade (continues he) 
the Perfian and Arabian Gulfs opened an eafy 
paflage; the latter particularly, as the land 
carriage between the Red Sea and the Nile, 
and between the Red Sea and the Mediterra- 
nean, took up only a few days. It is highly 
probable, and ¢radition in India warrants the 
belief of it, that there was from time imme- 
morial an intercourfe between Egypt and Hin- 
doftan, at leaft the maritime part of it; fimi- 
larity of cuftoms in many inftances, as related 
of the ancient Egyptians by Herodotus, (and 
which can hardly be referredto phyfical caufes, ) 
exifting in the two countries.”—« It would 
appear, that under the Ptolemies the Egypti- 
ans extended their navigation to the extreme 


‘point of the Indian Continent, and even failed 


up the Ganges to Palibothra.” See Memoir 


and Map of Hindoftan, &c. 4to. by James 
Rennel, F. RS, 


The firft, and perhaps the only good accounts 


of the practice of callico-printing in the Baft- 
. Indies, were given in certain letters, written by 


Father 
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Yather Caurdoux, a miffionary at Pondicherry, 
(publifhed in the xxvith Volume of “* Recueil 
“* des Lettres Curieufes & Edifiantes, &c.”) 
with the Supplemental Remarks and Corre&i- 
ons of the celebrated Monf. Poivre; and ina 
Manufcript Account procured from thence by 
Monf. du Fay, and communicated to the Royal 
Academy of Sciences at Paris, by the Abbé 
Mazeas.—By thefe accounts it appears, that the 
cotton cloths, when brought from the weavers, 
partly bleached, were worn next to the fkin, by 
the dyer and all his family, during the fpace of 
eight or ten days; after which they underwent 
feveral macerations in water with goats’ dung, 
accompanied with frequent intermediate beat- 
ings, wafhings, and dryings, in the funfhine. 
Afterwards they were foaked for fome time in a 
mixture of the mucilaginous aftringent fruit of the 
yellow Myrobalans, Myrobalanus Citrina of Ray, 
(called «« Cadoucaie,”’) well bruifed, and of cur- 
dled buffaloes milk ; and being thoroughly pe- 
netrated and impregnated therewith, they were 
taken out, and the liquor being well fqueezed 
from them, were dried by expofure to funfhine, 
and afterwards, by preffure and friction, made 
{mooth enough for being drawn upon by the 
pencil, with the different mordants. The firft 
of thefe was an iron liquor (acetite of iron), 
fimilar to that fince employed by the callico- 
printers of Europe, excepting only that, inftead 
of vinegar or alegar, the iron was diffolved by 
a mixture of four palm wine, and of water in 
which rice had been boiled. This liquor was 
applied to the figures or fpots intended to be- 
come black, and afterwards the aluminous mor- 
dant was applied, commonly by children, with 

10 the 
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the pencil, to the parts intended to be made red. 
To prepare this mordant, two ounces of allum 
were diffolved in two quarts of water, taken 
from certain pits, wherein it was fuppofed to be 
better for this ufe than common water, though it 
was found on examination to nde no particular 
tafte, and thirty ounces of it being evaporated, 

left rie a et duum of eleve hdghains of fea falt. 

To colour this folution, fo siat the ftrokes of the 
pencil in apy ie ing it might be vif ible, a little fap- 
pan or fam plan wood (Ccefalpinia Sappan, of 
Lin.) in powder was fteeped in the folution, 

atital being afterwards ftrained, was thickened 
with gum, and applied as before mentioned ; af- 
ter which the cotton fo penciled was expofed to 
the hotteit funfhine, in order that the parts to 
which the mordants had been applied might be 
dried as much as poffible; and then the cottons 
were thoroughly foaked in large pits of water, to 
cleanfe them from the loofe fuperfluous parts of 
the different mordants, as well as from the buf- 
falo’s milk, &c.; and this being done, they 
were dyed in water, with certain roots pt 
ing nearly in their effects to thofe of madder. 
Of thefe there are feveral forts ufed for dying 
red in different parts of India, which will be 
more particularly mentioned hereafter; that 
pointed out by the accounts in queftion, is de- 


{cribed as a fpecies of ¢ called on the 


~Gs 


coafts of Coromandel and Malabar by the names 
of Chaia, 7 all and Raye de Chaye. The 
cottons penciled, &c. as before mentioned, and 
gradually made to boil in water with a fuitabl 
quantity of this root, were dyed red, where the 
folution. of allum had been applied, and black 
in thofe parts on which the iron liquor had been 
pencilled ; 
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pencilled ; and after being dyed, the cottons un- 

derwent three different Pwathi ngs with goats’ 
dung, foap, &c. were then bleached. by being 
expofed to the fun, and watered occafionally, to 
remove the ftain on the parts intended to re- 
main white, 


It appears, that in this operation the buffalo’s 
milk, and more efpecially the aftringent juice 
of the Myrobalans, produced very important 
effects, by their attraction for the aluminous 
earth, by which they contributed greatly to de- 
compofe.or feparate it from the fulphuric acid, 
and confequently to fix it more firmly ih the 
cotton ; and being fo fixed, it was enabled more 
ftrongly to attraét and retain the colouring mat- 
ter of the Chaia root whilft in the dying veffel, 
and thereby to produce a mare permanent red 
in the different fpots, figures, or defigns where 
the allum liquor had been applied. A mixture 
of this and of the iron liquor, acting and ap- 
plied in the ways before mentioned, produ ced 
alfo a durable purple in the fame dying veflel, 
upon the parts impregnated therewith ; and con- 
fequently one dying with the Baap ‘Ing matter 
of a fingle root, “ici at the fame time 
reds, purples, and blacks. 


Che Eaft-Indian method of dying blue from 
indigo, (a Sista ane colour,) by covering over 


with wax the feveral parts intended to be re- 
sili white » dee es not fall within our prefent 
inc wf Neitl ver is the yellow colour employed 
for c callico-printing in that country deferving of 
much notice, it being compofed only of a 

coction of cadoucaipon, a Fidei of galls, pro 


k a] 


276 PHILOSOPHY OF 


duced on the yellow Myrobalan tree, (whicfi 
give a dull yellow,) and of a fuitable portion of 
allum, which being thickened with gum, and 
penciled over blue figures or defigns, produces 
a green, and on white parts or grounds, a yel- 
low colour; neither of which is however fuffi- 
ciently durable. But in this compofition we 
have an adjective colour directly combined, and 
topically applied with its bafis, inftead of being 
applied feparately, as is moft ufual. 


Such compofitions (which will be frequently 
under confideration hereafter) affume the form 
of fubftantive colours, without being fuch in re- 
ality; and as it may be ufeful to diftinguifh 
them by an appropriated term, I beg leave in 
future to call them pro-/ubftantive topical colours, 
wherever an adjective colour, and its bafis or 
mordant, are thus mixed and applied together 
topically, either by the pencil or the block. 


The art of callico-printing, fince its intro- 
duction to Europe, has been divefted of many 
tedious operations and manipulations, which in- 
deed would have proved infupportably expenfive 
here, on account of the higher price of labour, 
and of almoft every thing neceflary to human 
fubfiftence.. But the greateft European im- 
provement in this art refpects the aluminous 
mordant, and depends on the employment of 
fugar of lead (acetite of lead), or the oxyd of 
that metal diffolved by diftilled vinegaf, and 
eryftallized ; which within the memory of man 
has been gradually brought. into Led cone 
any theory or even fufpicion of its true effect, 
or of the way in which it proved fo highly ufe- 

ful, 
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ful. This improved aluminous mordant is now 
generally made by diffolving three pounds of 
alum in a gallon of hot water; then adding 
one pound, or in fome particular cafes one pound 
and a half, of the acetite or fugar of lead, ftir- 
ring the mixture well during two or three days, 
and afterwards adding to it about two ounces of 
_ pot-afh, and as many of clean powdered chalk 

(carbonate of lime). In this mixture, both the 
alum and the fugar of lead are decompofed by 
a double elective attraction, which produces two 
new compounds, according to Mr. Henry and 
Mr. Berthollet, becaufe the oxyd of lead hav- 
ing a ftronger attraction for the fulphuric acid 
than for that of the vinegar, combines with the 
former, and producing an infoluble falt, fub- 
fides to the bottom of the liquor, whilft the earth 
of alum, thus left in a very divided ftate, unites 
to, and is diffolved by the acetous acid, previ- 
oufly feparated from the lead, and remaining in 
the liquor, ‘which thereby becomes’ a diluted 
acetite of alumine; the pot-afh and chalk only 
ferving to neutralize the excefs of {ulphuric acid, 
which is always contained in alum, and which 
would in fome degree hinder the alumine from 
being depofited and fixed in the fibres of linen 
and cotton. But the decompofition here de- 
fcribed takes place only in part, becaufe one 
pound of fugar of lead, or even one and a half, 
(the greateft quantity any where propofed,) is 
not fufficient to decompofe three pounds of 
alum. On the contrary, I have found that 
alum cannot be completely decompofed, without 
two-thirds at leaft of its weight of fugar of lead; 
and where lefs has been ufed, I have always been 
able, by evaporation, to detect a quantity of it 
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? the aluminous mordant. I fhall have occa- 
fion hereafter to revert to this fubjec&t, and fhall 
therefore content myfe if at he with remark- 
ing, that the printers’ aluminous mordant is not 
in fact a mere folution of the alumine, or earth 
of alum, by the acid of vinegar, as thofe emi- 
nent chymifts Mr. Henry and Mr. Berthollet 
fuppofe, but that even with the greateft propor- 
tion of fugar of lead ever employed by the 
calico-printers, it contains a confiderable por- 
tion of alum in its original ftate; I mean that 
in which the argillaceous earth or alumine is 
combined with fulphuric acid. Notwithftand- 
ing this ci ircumftance, however, I fhall gene- 
rally confider this preparation as being in reality 
what it is not ftriétly, an acetite of alumine, and 
fhall commonly diftinguifh it either by that 
name, or by that of the printers’ aluminous 
mordant. 


The mixture or mordant in queftion being 
thus made, and the clear liquor decanted from 
the fediment, it 1s afterwards thickened with 
flour, if intended to be printed or applied by the 
block, and with the gum of the Mimofa Nilotica 
iiens Arabic), or of the Mimofa Senegal (Gum 
of Senegal), if it be intended for as oy 
and isthe applied in either of thefe ways to 
linens or cottons, it is afterwards. very tho- 
roughly dried in a room artificially heated, and 
then the pieces of linen or cotton, fo printed or 
pencilled with the mordant in gueftion, are 
cleanfed as perfeétly as poffible, by foaking and 
working them in a ciftern with warm water and 
cow-dung, and afterwards rincing them in clean 
water to diffolve the gum or flour, and feparate 
4 the 
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th e fuperfluous or loofe parts of the mordant, 
whit h otherwife would in the dying veffel com- 
bine with the colouring matter, and greatly 
{tain the grounds, or parts intended to be pre- 
ferved white. This will indeed unavoidably 
happen in fome degree, notwithftanding the moft 
perfect cleanfing. But as the colouring matter 
which thefe grounds or parts abforb from the 
dying liquor will not, when the cloths have been 
thoroughly cleanfed, be retained or fixed by any 
bafis, they are {peedily whitened, by being boiled 
in water with bran, expofed upon the grafs, and 
by other means well known. 


By thus fubftituting the acetous for the ful- 
phuric acid in the aluminous mordant lately de- 
{cribed, feveral confiderable advantages are 
gained The acetite of alumine being much 
more foluble in water than common alum, the 
liquor will contain a much larger proportion of 
alumine than could be otherwife fufpended in it; 
and with this advantage moreover, that it will 
not be liable to form cryftals in or upon the 
linens or cottons in drying, as would happen with 
a folution of common alum, the acetite of alu- 
mine being incapable of cryftallization. I may 
add alfo, that the acid of vinegar being vola- 
tile, and having a much weaker attra¢tion for 
its earthy bafis than the fulphuric acid has, the 
former will be fpeedily feparated and carried off, 
efpecially by the heat of the ftoves employed 
for drying the pieces printed with it, and will 
leave behind the alumine which it had held in 
a {tate of folution, and which being no longer 
encumbered by any other attraétion, will yield 
itfelf wholly to that which fubfifts between it 
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and the fibres of linen or cotton, and will unite 
with them more copioufly and firmly than it 
otherwife could do, and be thereby enabled 
more ftrongly to attract and fix the colouring 
matters in the dying veffel. This, however, 
will only prove true, fo far as the fulphat of 
alum has been really decompofed by the acetite 
of lead, or fo far as the alumine has been com- 
bined with the acetous inftead of the fulphuric 
acid. 


As the practice of calico-printing has been 
but lately introduced into Europe, and as the 
acetated aluminous mordant does not appear to 
have been previoufly known in any other coun- 
try, we might have expected that its difcovery 
in this would have been deemed a matter fo im- 
portant, as to have conftituted an era in the 
hiftory of the arc; and therefore | was not a 
little furprifed in finding that no writer had 
mentioned, and that no calico- printer of whom 
I have inquired could inform me, at what time, 
or by whom this mordant was firft employed, as 
the bafis of red and yellow colours in calico- 
printing. My wonder has, however, ceafed on 
this fubject, fince I have infpeéted a confider- 
able number of recipes for making the feveral 
mixtures employed as mordants, foon after the 
bufinefs of calico-printing began to be carried 
on with fome degree of fuccefs aie and in other 
parts of Europe. In one of thefe, which feems 
to have been the earlieft, alum, fal ammoniac, 
faltpetre, red orpiment, and kelp, were directed 
to be mixed alk water. In another, which 
probably followed this, it was direéted that thefe 
ingredients fhould be diffelved in vinegar. Ina 


are 


fucceeding 
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facceeding recipe, a little fugar of lead was di- 
rected to be employed, but in a quantity too 
fmall to be of any confiderable ufe; I mean 
one ounce of it for every pound of alum. Af- 
terwards the calico-printers, without any fyftem 
or reafonable motive, appear in different in- 
{tances to haveyadded verdigrife, arfenic, cor- 
rofive fublimate, blue vitriol, /itharge, and 
white lead. By ftumbling upon the two laft 
(which alone were of any ufe), it happened, 
where vinegar had been alfo employed, as it 
commonly was in fome fhape, that after a va- 
riety of decompofitions and recompofitions, fome 
portion of acetite of alumine was formed, the 
good effects of which were experienced, though 
without any true knowledge of the ways and 
means by which they had been produced. By 
degrees, however, the printers feem to have in- 
creafed the quantity of fugar of lead, and feve- 
ral of them to have fufpected that many of the 
other ingredients ufually employed for making 
their mordants were ufelefs. Some of them, 
therefore, began to omit one, and fome another 
of thefe ingredients, until at length all the ufe- 
lefs ones were laid afide, though without the aid 
of any chymical reafoning on the fubject, and 
without any one ever fufpecting, as indeed few 
of them do at this day, that the lead which they 
continued to employ occafioned any decompo- 
fition of the alum, or that the mordant fo pro- 
duced did not really contain all the ingredients 
ufed in preparing it. Among the ufelefs ingre- 
dients before mentioned, corrofive fublimate 
feems to have been retained the longett, fince 
Mr. Wilfon includes it in his recipe, which was 
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publifhed fo lately as the year 1786. (See his 
Effay on Light and Colours, &c.) 


It is not wonderful, therefore, that no parti- 
cular perfon or period has been noted, or re- 
membered as diftinguifhable for the firft in- 
vention of the acetated aluminous mordant; 
fince the fugar of lead, or other means of form- 
ing it, were at firft ufed by chance fo fparingly, 
as to have fcarcely produced any better effect 
than would have refulted from the mere folution 
of alum, and the alterations and improvements by 
which the mordant afterwards acquired its pre- 
fent form, I had almoft faid perfection, were 
made by fuch imperceptible gradations, and re- 
fulted fo much from the random additions and 
omiffions of different individuals, (no one of 
whom feems to have been guided by any thing 
approaching to a juft theory,) that neither the 
difcovery, nor any confiderable ftep towards it, 
can properly be referred to any one perfon or 
period. 


Mr. Henry, juftly fenfible of the fuperior ad- 
vantages of the acetated aluminous mordant in 
calico-printing, and conceiving it to have really 
been very anciently known and employed in 
thofe countries where the art was firft practifed, 
concludes from thence, that it muft have re- 
fulted from a very advanced ftate of chymical 
knowledge in thofe countries at fome very re- 
mote period, which was afterwards loft, whilft 
the improvements arifing from it in this refpect, 
continued to be praétifed and handed down, 


through a long fucceffion of ages to the prefent 
time. 
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tine. ‘© To have invented (fays he) the pro- 
‘© cefs of printing, in the manner defcribed by 
‘© Pliny, the inhabitants of India muft proba- 
«© bly have known how to prepare cite they 
‘© muft have been acquainted with the manner 
«© of diffolving lead in the vegetable acid; they 
« muft at leaft have been acquainted with the 
“* component parts of thefe falts s, and they mult 
«© have had a knowledge of double elective at- 
“¢ tractions, &c.”’ In truth, however, the in- 
habitants of India neither had, nor have they at 
prefent, any knowledge of the ufe of fugar of lead, 
or of any other preparation of that metal which 
could produce fimilar effects in calico-printing ; 
a folution of common alum in water being their 
only aluminous mordant, and the previous ap- 
plication of the foluble parts of mirobalans to 
their calicoes, aided by a very hot funfhine, 
enabling them, without any thing like an acetite 
of alumine, to produce effects nearly equal to it. 
This fact I have learned not only from all the 
accounts publifhed or tranfmitted to Europe 
refpecting this point, but from the pofitive 
verbal informations of eye-witnefles to the prac- 
tice of calico-printing in that part of the world, 
and particularly of a gentleman of great ve- 
racity, as well as knowledge on this fubject, 
who formerly carried on the bufinefs of calico- 
printing very extenfively in Bengal (principally 
for account of the Eaft-India Company): and 
indeed fugar of lead is fo far from being ufed 
for this purpofe there, that within a few weeks 
1 have received a letter from Mr. John Adie, 
(fucceffor to the gentleman laft mentioned,) 
dated, ‘© Gondelpara, near Chandernagore, the 
roth of February 1792,” and mentioning, t*sit 
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he had fome little time before been obliged to 
pay twenty fhillings the pound for fugar ot lead, 
in order to prepare a particular colour ahah 
I had formerly Les omniivanieled fo far was this 
ingredient from being in ufe there for any fuch 


purpofe. 


We may therefore fafely conclude, that the 
formation of an acetite of alumine, and its ap- 
plication as a mordant in calico-printing, was 
not an oriental difcovery ; and that it did not 
refult from any knowledge of double elective 
attractions, or any other extenfive chymical 
knowledge either in ancient or modern times ; 
fince thofe who gradually ftumbled upon and 
introduced the ufe of it, were totally ignorant 
of the decompofitions and recompofitions which 
took place in their mixtures, and always fup- 
pofed, as all other calico- printers have till lately 
done, and as moft of them now do, that the 
aluminous mordant really confifted of every thing 
ufed in producing it, 


To illuttrate more plainly the differences of 
colouring matter, as well as the action of an 
aluminous bafis upon them, let us examine its 
effects in a few particular inftances: taking a 
bit of cotton upon which certain figures and 
defigns had been printed, with the acetated 
aluminous mordant, and which, after being 
dried, had been cleanfed in the ufual way, I 
dyed it in water with faffron; the water readily 
extracted the yellow colour of the faffron, and 
the cotton foon imbibed fo much of the colour 
as to become equally yellow in all its parts, 
without the leaft appearance even of a difference 
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of fhade where the alumine had been applied. 
The cotton fo coloured being expofed to air, 
foon became equally and uniformly white; the 
colouring matter of the faffron having no par- 
ticular affinity to the alumine:. to fee, however, 
whether this laft remained fixed in the fibres of 
the cotton, I dyed the fame bit, which the faffron 
colour had thus abandoned, in water with a little 
Brazil wood, and the figures, where the alumine 
had been applied, became of a {trong, full, and 
moft beautiful crimfon; the other parts, to which 
no bafis had been applied, being but flightly 
difcoloured. The cotton fo dyed being ex- 
pofed to the fun and air two or three days, the 
{paces to which no mordant had been applied 
became perfectly white; the figures, impreg- 
nated with alumine, had loft fome of their fine 
crimfon colour, and this gradually diminifhing, 
was all gone at the end of eight days. Here 
then we fee, that the aluminous bafis had a cer- 
tain affinity with the colouring matter of the 
Brazil wood, (which was not the cafe with that 
of faffron,) but not fo much as to fix and retain 
it permanently. ‘To fee however that this was 
really the cafe, and that the defect arofe from the 
want of a fufficient affinity between the colour- 
ing matter and the alumine, and not between 
this laft and the cotton, I took the fame bit 
which had been already twice dyed, and dyed it 
a third time in water with madder, whereby the 
whole bit became coloured, but the figures im- 
pregnated with alumine much more deeply than 
the other parts; a proof that the alumine ftill 
remained fixed, notwithftanding the efcape of 
the Brazil wood crimfon, and that it had again 

entered 
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entered into a triple combination with the mad. 
der colour, and the fibres of the cotton. The 
bit fo dyed, being well boiled in water with 
bran and expofed to funfhine and air, in a few 
days became white in the parts where no mor- 
dant had been applied to fix and retain the co- 
Jour, whilft the figures formed by the application 
of alumine retained all their body and brightnefs ; 
the colouring matter of the madder, in this triple 
combination, not being liable to deftruction or 
feparation by the fame means which deftroyed 
or feparated it where no fuch bond of union 
or means of prefervation exifted. 


Tt has been already noticed, that in oriental 
calico-printing the folution of alum is coloured 
red with fampfan or fappan wood; and I might 
have added, that in dying with roots analogous 
to thofe of madder, the red colour of the wood 
is diflodged from the pores of cotton by the 
fuperior attraction of the root colour, which 
takes its place. Neither the Eaft Indians, how- 
ever, nor the writers who have given accounts 
of their operations, feem to have been apprifed 
of this fact; but concluded that the red wood 
colour was fixed and made durable by the appli- 
cation of that of the roots. To afcertain the truth 
on this point, I dyed a bit of cotton impreg- 
nated with acetate of alumine like that laft men- 
tioned, with Brazil wood, and the figures impreg- 
nated with the mordant became as before of 
a fine crimfon colour. I then rinced the dyed 
cotton, and putting it into another veffel with 
clean water, added gradually fo much decoétion 
of madder as was fufficient for that weight of 
cotton, 
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cotton, and dying it inthe ufu al way, | vie: that 
I had a madder red inftead of the fine Bra of 
wood crimfon. ‘The colouring matter of ma 

der having decompofed and diflodged the Brazil 
wood colour, with which the water was vifibly 
tinged, and which being divided into feveral 
parts, and tried by different chymical agents, 
underwent all the cha es which are ufual to 


the colouring matter of Brazil wood, and not 
thofe which “hap} pen in the like circumftances 
to the colour af madder. The bit of cotton, 
to which the madder colour had applied irfelf 
by diflodging that of the Brazil, being allo tried 
in various ways, manifefted the durability and 
other appearances ufual to madder colours. 


If cottons printed with the acetated aluminous 
liquor, as before-mentioned, be dyed with Weld 
or Quercitron bark inftead of ma ider, this 
bafis will attraét their colouring particles in the 
fame manner, and produce permanent yellows 
upon the figures where the alumine was pre- 
vioufly fixed ; ; the other parts being but flightly 
tinged, and being afterwards eafily bleached or 
whitened, becaufe there is no mordant to hinder 
the feparation or deftruétion of the colouring 
matter of thefe dying drugs. The dying of 
yellows, however, in this way, is an European 
invention; the people of India cpm: only 
given them, as already mentioned, t oy see’ 
anti ve mixture of the decottion of the galls of 
mirobalans with alum. And indeed this prac- 
tice was followed here for fome time after the 
introduction of the art into Europe, excepting 
that inftead of the galls of the mirobalan tree, 

: a de- 
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a decoction of French berries (Rhamnus in- 
fectorius, Lin.) was employed; by which, in- 
deed, a very full bright yellow was at firft 
communicated, but of fo fugitive a nature, 
that the ufe of thefe berries, which in fome 
degree ftill fubfifts, ought to be prohibited; 
it being impoffible, by any means yet known, 
to obtain from them a-colour fit for any other 
purpofe than that of deception. If inftead of 
the aluminous bafis, cottons or linens be im- 
pregnated with iron liquor (acetite of iron) of 
different degrees of ftrength, and dyed with 
madder, they will receive permanent dark browns 
of different fhades, and even a full black: and 
if inftead of iron liquor alone, it be mixed in 
different proportions with the acetite of alumine, 
the mixture will produce with madder all the 
fhades of flea-colour, purple, violet, &c. 

But when, inftead of madder, cottons or li- 
nens are printed with iron liquor, and dyed 
with weld (Refeda Luteolu, Lin.) or Quer- 
citron bark, (Quercus nigra, Lin.) they re- 
ceive a variety of olive-brown, drab, and dove 
colours; and if inftead of iron liquor alone, 
a mixture of it, with acetite of alumine, be 
ufed as a mordant, they will take various 
fhades of olive, olive-green, &c. And, indeed, 
by the help of thefe two mordants only, (from 
iron and alumine,) ufed feparately, as weil as 
mixed in various proportions, and afterwards 
combined with the colouring matters of madder 
and of weld, or (inftead of the latter) of Quer- 
citron bark, aided by the blue from indigo, 
nearly all the poffible varieties and fhades of 
colour are now given in the way of calico- 
printing. 


Hitherto 
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Hitherto the art of calico-printing has been 
confined almoft folely to linens and cottons, 
which are fuited to it, by being fufceptible of 
a permanent union with colouring matters, and 
efpecially with their bafes, by only the common 
warmth of the atmofphere: and as this is alfo 
the cafe of filk, there can be no doubt but this 
laft might be made the fubject of new and beau- 
ful embellifhments in that way, which, if pro- 
perly executed, would undoubtedly become a 
fource of gratification to the public, and of profit 
to individuals. 


Very lately indeed a fpecies of topical dying 
or ftaining, very much refembling fome parts 
of calico-printing, has been ingenioufly ap- 
plied to woollen ftuffs, and particularly thofe 
called kerfeymeres, for waiftcoat patterns, &c. 


What I mentioned in a former chapter, of the 


neceffity of a confiderable degree of heat, to 
enable the fibres of wool to receive and com- 
bine with colouring matters, will afford fome 
idea of the difficulty of applying and fixing dif- 
ferent colours in the form of fpots or figures 
upon woollen ftuffs in this way by dying; the 
particular mode and means by which this diffi- 
culty is overcome, and the feveral colours fixed 
in the fibres of wool, are ftill kept fecret as 
much as poffible. How proper colours for 
this purpofe may be provided, either from fub- 
ftantive colouring matters, or from the adjec- 
tive ones, made into the form of a ftrong de- 
coction, and mixed with the proper mordants, 
(as in the inftance which I lately noticed of a 
pro-fubftantive yellow,) will be eafily under- 
ftood by thofe who may attend to what has been, 

or 
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or will be explained in the courfe of this work; 
and {uch colours being fo prepared, and printed 
upon kerfeymere, &c. in the ufval ways, may 
be, as I have found on trial, and as I am in- 
formed they are, made to penetrate and unite 
with the wool, by placing the ftuff fo printed 
in the fteam of boiling water for a fufficient 
length of time, firft wrapping it up in thick pa- 
per, doubled or it fo as to exclude the 
moifture, fo far at leaft that it may not occafion 
the colours to run beyond their proper limits. 


After this fummary account of the origin, 
ih and nature of calico- pring in- 
ended to,illuftrate more diftinctly the effects of 

principal bafes or mordants, it will be pro- 
r here to take a general view of the facts 
ch refpect the ap] plication of thefe bafes, for 
xing > and modifying, different adjective colours, 
not by topical, but by general dying, as well 


upon wool and Hi, as on linen and cotton. 
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The two laft of thefe are made fit for the ap- 
plication of a pals, by being boiled for the fpace 
of two.or three hours in a folution or ley of 
pot-afh of fuitable ftrength; then fpread for 
fome time on the bleaching eround; afterwards 
foaked in water, made four by ‘the addition of one- 
fiftieth or fixtieth of its weight of fulphuric acid 
or oil of vitriol, and finally rinced thoroughly in 
clean water, and dried. When thus prepared, 
if the aluminous bafis is intended to be applied 
to them, perhaps there is no form in which it 
could be more effectual than that of the acetated 
aluminous mordant, though motives of ceco- 
nomy have always induced the mere dyers of 

linen 
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linen and cotton to employ cheaper preparations 
of alum. The fulphate of alumine, or com- 
mon alum, will indeed yield a confiderable part 
of its earthy bafis to linen and corton, when ‘dif 
folved by water and applied to them; but it 
does this more readily when deprived of its ex- 
cefs of acid by pot-afh or calcareous earth; and 
it is in this way commonly employed as a mor- 
dant for linens and cottons. About four ounces 
of alum, with water fufficient to diffolve it, and 
half an ounce or fomewhat lefs of pot-afh, be- 
ing generally allowed for each pound of linen or 
cotton intended to be dyed, which is to be ma- 
cerated, &c. in this liquor until thoroughly and 
equally penetrated by it, and afterwards well 
rinced to feparate the fuperfluous or loofely ad- 
hering alum, &c. Cotton treated in this way 
commonly gains about two and a half per cent. 
additional weight, by the earth of alum which 
combines with it. But where no white grounds 
are to be referved, there are ways of rendering 
the aluminous bafis more effectual, and parti- 
cularly for madder colours upon linens and cot- 
tons, by impregnating them at tue fame time 
with oleaginous, refinous, glutinous, and alka- 
line fubftances, which occafion an increafed affi- 
nity or attraction between the fibres of the linen 
and cotton, as well as between thefe and the co- 
louring matters, thereby forming perhaps a kind 
of cement, which renders them more fixed, and 
lefs liable to be aéted upon and injured by thofe 
caufes which generally deftroy or weaken co- 
lours.—-Thefe auxiliary means will hereafter be 
noticed in their proper places. 


r92 PHILOSOPHY OF 


Silk is impregnated with the aluminous bafis 
by macerating or foaking it only during the 
fpace of ten or twelve hours in a faturated cold 
folution of alum, afterwards rincing it, &c. 


To impregnate wool with the aluminous bafis, 
it is commonly boiled in water with about one- 
fixth or one-eighth of alum, and about half as 
much tartar. The heat is gradually raifed to 
the boiling point, and the liquor kept boiling 
for about an hour; then taken out, drained, and 
left until the next day, when it is well rinced. 
Wool, from its animal nature, has a much 
ftronger attraction for alumine than either filk, 
linen, or cotton, but will not decompofe a fo- 
lution of alum without the aid of a confiderable 
degree of heat. Tartar, as Mr. Berthollet ob- 
ferves, feems principally ufeful in this way, by 
moderating the ftrong action of alum upon the 
fibres of the wool, and preventing too great a 
depofition of the aluminous earth in their pores, 
which would render the fibres apparently coarfer. 
Perhaps, however, a more {paring ufe of alum 
might in fome degree obviate the neceflity of 
ufing tartar for this purpofe; and fome dyers 
have lately omitted the ufe of it in many cafes 
where it was formerly always employed, parti- 
cularly in the boiling preparation for weld yel- 
lows. ‘Tartar has, however, other confiderable 
effects in modifying and varying the fhades of 
colours, as will be feen hereafter. 


For the dying of wool and filk, the bafis of 
iron is ufually employed fubfequently to the co- 
louring matter which it is intended to fix and 

modify, 


PERMANENT COLOURS, &c. 193 


thodify, or interchangeably with it; and in thefe 
Ways copperas (fulphate of iron) is moft fre- 
quently ufed.. Alumine and iron in fome form 
or other were very anciently employed as mor- 
dants in dying; and indeed they feem for many 
ages to have been the only fubftances ufed as 
fuch, which is at prefent nearly the cafe in ca- 
lico-printing. Mr. Hauffman, ih a letter very 
lately written to Mr. Berthollet, (fee Ann. dé 
Chymie, tom. vil.) maintains, ‘ that of all acid, 
«¢ alkaline, earthy, and metallic fubftances; 
‘¢ there is, ftrictly fpeaking, none, excepting 
‘¢ the oxyd of iron and alumine, which pof- 
‘¢ feffes the property of attracting the colouring 
“< particles of drugs proper for dying, fuch as 
«© madder, weld, logwood, &c. which fepa- 
<¢ rately or combined, and differently modifi- 
«¢ ed, are capable of producing with thefe fub- 
<< ftances an infinite variety of colours, and 
“© fhades of colour, more or lefs durable.” 
Here, however, Mr. Hauffman is mifled, by 
confiding in his own experience as a calico- 
printer only; for in dying, it is notorious that 
the oxyds or folutions of feveral of the metala-\ 
befides iron, and particularly thofe of tin, cop- + 
per, and zinc, are ufed to fix colours, in con- 
fequence of the attractions which they exer- 
cife upon the colouring particles of different 
dying drugs; and it will be hereafter proved, 
by my own particular experiments, that there 
is none of the metals or femi-metals, nor any 
even of the different earths, which does not in 
fome ftate and degree at leaft poffefs a power, 
not only of modifying colours, but of attraét- 
ing and fixing colouring particles more or lefs 

{trongly 
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ftrongly in the way of dying; though it muft be 
confeffed, that of the feveral earths, none is in 
this refpect fo powerful and fo ufeful as the 
alumine ; indeed this and the oxyd of tin feem 
to be.the only bafes fuited by their perfect white- 
nefs to reftect the rays Of light, fo as to exhibit 
the natural colours of the different adjective dyes 
with fullluftre ; every other bafis hitherto known, 
having been found in moft, if not in all cafes, 
to darken or fadden, perhaps J might fay de- 
orade, the natural colours of thefe dyes, at 
leaft in fome degree. Probably zinc does this 
jefs than any other metallic bafis, excepting tin, 
which indeed, with a very few exceptions, re- 
fects the rays of light more copioufly, and ex- 
hibits colours more br ‘illiantly than alumine, be- 
caufe its oxyd unites with colouring matters a$ 
a bafis, in a much larger proportion than the 
alumine will do. Perhaps alfo the particles of 
this oxyd are more p erfectl y white than thofe of 
alumine. In moft cafes, however, the attrac- 
tion which a metallic bafis exerts upon an ad- 
jective colour in dying, is not fimply the refule 
of its own afi nity with the particles of that co- 
Jour, but of its own affinity combined with the 
affinity of the ftuff imbibing thedye. Thus in 
the dying of we let, itis every day feen that pieces 
of woollen cloth or ftuff, having at each edge 
i ) {tripe, formed by an liq 
termixture of cotton yarn, after fog im- 
preenated in the ufual way with the mordant or 
oxyd of tin, will attract and imbibe the colour- 
ing ele of cochineal, fo as to exhauft the 
dyi nee and fometimes leave it perfedtly 
colourlefs, and becomé {carlet in every part, 
excepting 
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xcepting the ftripes formed of cotton-yarn, 
whieh always come out of the dying liquor with- 
out the fmalleft tinge or change of colour; 
though both the mordant and the particles of 
cochineal are applied to the latter equally with 
the other parts of the cloth. Here then either 
the oxyd will not combine with ‘the fibres of 
cotton, whilft it is fubjeé&t to a ftronger attrac- 
tion from the RU part of the cloth ; or if 
it does combine with the fibres of cotton, their 
joint attractive power is fo much weaker man 
that which the oxyd of tin and the wool unite 
exert upon the cochineal, that they are iitable 
to draw and fix any part ‘of the colouring mat- 
ter to or in the cotton, fo long as this colour ring 
matter is liable to the wievallinl attraction of 
the wool and oxyd of tin united; and that this 
latter is really the cafe, will appear by experi- 
ments to be mentioned hereafter. 


Mr. Befthollet, as will be remembered, con- 
fiders not only the decays of colours, but their 
production in many cafes as the refult of fome 
degree of combuftion; and upon this principle 
he 1 maintains, ‘* thatthe colour which the com- 
«¢ pounds of metallic oxyds and of colouring 
€ particles affume, are the product of the co- 
«© Jour peculiar to the colouring particles, and 
¢ alfo of that which is peculiar to the metallic 
‘© oxyd; but, adds he, the colouring particles 
‘© and metallic oxyds muft be confidered as in 
«© that ftate to which they have been reduced 
«* by the diminution of oxygene in the oxyd, 
‘© and of hydrogene in the colouring particles.” 
«* Hence (continues Mr. B.) metallic oxyds, to 
«¢ which the oxygene is but flightly attached, are 

O 2 “ not 
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«¢ not fit to ferve as connecting media for the 
< colouring particles, becaufe they produce in 
<< the latter too great a degree of combuttion ; 
«« fuch are the oxyds of filver, gold, and mer- 
«‘ cury.” ‘* That oxyds which undergo con- 
«< fiderable changes of colour, by giving off 
«< more or lefs of their oxygene, are alfo bad 
<< intermedia, efpecially for light fhades, be- 
< caufe they produce changeable colours; fuch 
<< are the oxyds of copper, lead, and bifmuth.”’ 
«© That the oxyds which ftrongly retain their 
<< oxygene, and fuffer but little change of co- 
<< Jour by lofing a part of it, are beft fitted to 
‘«« anfwer this purpofe ; fuch, fays he, is parti- 
“«< cularly the oxyd of tin, which quits its men- 
*¢ {truum eafily, has a {trong attraction for co- 
<< louring particles, and affords them a bafis 
“« very bright and very proper to reflect their 
<¢ colours with luftre, unaltered by the admix- 
«cure of any other fhade of colour. The 
“ oxyd of zinc poffefles fome of thefe proper- 
os ghes.”” 


« We muft then diftinguifh, (adds he,) in the 
action of mordants, the combinations that may 
“< take place by their means between the colour- 
‘“« ing particles, the ftuff, and the intermediate, 
‘© bafis; the proportions of this latter, and of the 
‘© colouring fubilance; the modifications of co- 
‘© Jour which may arife fromthe mixture of the 
«© colour of the colouring particles, and of that 
« of the bafis to which they are united; and 
«© finally, the changes which the colouring par- 
‘< ticles may fuffer from the combuftion produced 
«s by the intermediate bafis.” 


I have 
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I have already noticed fome faéts which in- 
duced me to diftruft that part of Mr. Berthol- 
let’s theory, which fuppofes the decays of co- 
lours to depend upon combuttion, at leaft 1 
many cafes; and there are fome which appear 
equally ftrong again{ft that part of it which 
afcribes their production to a like effect. Upon 
this fubject, however, I will at prefent only ob- 
ferve, that in many cafes both alumine and me- 
tallic oxyds, when diffolved by pot-afh, foda, and 
ammoniac, produce, with particular dying drugs, 
colours exaétly fimilar to thofe, which the fame 
bafes, diffolved by nitric acid, produce with the 
fame drugs; though in the former cafe it is dif- 
ficult to conceive how the metallic oxyd, and 
efpecially the alumine, fhould furnifh oxygene 
to produce the fuppofed combuftion ; whilft in 
the latter thefe different bafes, by having been 
combined with nitric acid, certainly might fur- 


nifh the means of combuftion; and ought there- 
fore, upon Mr. Berthollet’s fuppofition, to pro- 
duce darker colours than thofe which refult from 
the fame bafes, united with volatile alkali, foda, 
and pot-ath. 


Tt feems therefore moft probable, that when 
the oxyds of metals alter the natural colours of 
dying drugs, the new colours thus produced are 
the stare refults of the particular combina- 
tions between fuch oxyds.and the drugs united 
to them, independently of any effec ftrictly de~ 
ferving the name of combuftion. 


Having thus generally explained and illuf- 
trated the properties and ufes of mordants or 
bales, in fixing and modifying adjective colours 

O 3 by 
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by dying, ! fhall proceed to a particular inquiry 
concerning their effects upon each of the more 
important dying drugs of this clafs, beginning 
with thofe which belong to the animal kingdom, 
and proceeding to the vegetable. 


GAP, VE: 
Of Pruffian Blue. 


¢* Prefque tous les arts doivent leur naiffance au hazard ; 
«¢ ils ne font en general, ni le fruit des recherches 
ni le refultat des combinaifons ; mais tous ont un 
rapport plus on moins marqué avec la Chymie; 
et elle peut en eclairer les principes, en reformer 
les abus, fimplifier les moyens & hater leur pro- 

gres.”’ 
Cuaptat, Elemens de Chymie. 


ANY reafons induce me to confider the 
4 tingent matter of Pruffian blue as an 
animal adjective colour *, which becomes blue 
when united to iron and to fome other metallic 
bafes; but is at the fame time capable of pro- 
ducing other very different colours, when com- 
bined with certain other metallic oxides or 
bafes. 


The firft difcovery of Pruffian blue, or 
pruffiate of iron, as related by Stahl, was 


* I know that fome vegetable, and perhaps fome foflil 
matters, poffefs a power of producing blue precipitates with 
iron; but however thefe may refemble in appearance 
the Pruffian blue, their properties are not identically the 
fame. 


& like 
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like many other interefting difcoveries, purely 
the effect of rune About the year 1710, 
Diefbach, a chymift at Berlin, wifhing to pre- 
cipitate the colouring matter of cochineal from 
a ‘folution or decoétion, in which it was com- 
bined with a portion of green vitriol, or ful- 
phate of iron, borrowed for that purpofe from 
his neighbour Dippel, an alkali, upon and from 
which the latter had feveral times diftilled 
an animal oil; and which had thereby become 
impregnated with the animal colouring part of 
Pruffian blue: confequently this alkali, when 
mixed with the decoétion of cochineal, or ra- 
ther with the tron contained therein, sannniod 
ately and moft unexpectedly produced a very 
beautiful blue colour. The experiment being 
repeated, and always with the fame effect, Di- 
efbach availed himfelf of the difcovery; and this 
new colour was made known and fold under the 
name of Pruffian blue. The means of pro- 
ducing it were however kept fecret until the 
year 1724, when Dr. Woodward publifhed an 
account of the procefs in the Philofophical 
Tranfactions. The cheapeft way of preparing 
this animal blue is, by ‘burning dried blood, 
horns, hooves, hides, tendons, and other ant- 
mal fabftances, fo as to reduce them to coal; 
which is afterwards to be calcined with three 
times its weight of pot-afh in an iron veffel. 
After about twelve hours of calcination, the 
mixture generally appears like a foft pafte, and 
then it is to be thrown into tubs nea ae filled 
with water, and being there diffolved, the folu- 
tion is filtered, and mixed with anether, com- 
pofed of three parts of alum, and one of cop- 
O 4 peras, 
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peras, in a fufficient quantity of water, By 
this mixture, the animal colouring matter be- 
comes united to the oxide of iron, and fubfides 
with it to the bottom of the liquor of a blue 
colour; and this is to be feparated by the 
filter. 


The oxide of iron, as Mr. Berthollet obferves, 
may combine in different proportions with the 
colouring part of Pruffian blue. Where it is 
in excefs, the compound will be yellow; but 
when the oxide is in a f{maller proportion, the 
colour will be blue. All acids, and particularly 
the muriatic, are capable of diffolving the ex- 
cefs of iron, fo as to bring the compaund to the 
proper ftate and appearance of Pruffian blue, 
But farther than this, acids have no power of 
decompofing or diffolving any part of it. The 
animal colouring part of Pruffian blue (fepa- 
rated from the axyd of iron), is called the 
Pruffian acid, though I think improperly, be- 
caufe there is apparently no more reafon for call- 
ing it an acid, than there would be in giving 
that name to the colouring particles of cochi- 
neal, and moft other dying drugs. It is indeed 
commonly united to a portion of phofphoric 
acid, not becaufe this laft is a neceflary coniti- 
tuent part of it, but becaufe it naturally exifts 
in the different animal fubftances, from which 
the Pruffian colour is obtained. Scheele has 
defcribed a procefs for obtaining the Pruffian 
acid, which | beg leave hereafter to call the 
Pruffian Colouring Matter, in its pureft ftate ; 
and in this ftate, though capable of recompof- 
ing Pruffian blue, with the oxide of iron, it 

contains 
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contains no phofphoric acid, and therefore this 
acid cannot be a neceflary component part of 
the Pruffian colouring matter. 


Pruffian blue, though not foluble by acids, 
diffolves readily both by pot-afh and foda in 
their cauftic, and alfo their mild ftates; and the 
folution is then colourlefs, or at moft only of 
a very pale ftraw colour. This folution, when 
made with pot-afh, is denominated pruffiate of 
pot-afh, and when with mineral alkali, pruffiate 
of foda. It contains a portion of iron in a 
ftate of folution, and therefore the blue colour 
may be reftored by any of the acids, in fome de- 
gree at leatt. 


Ammoniac or volatile alkali, digefted in a 
moderate degree of heat upon the Pruffian blue, 
diffolves and unites with the colouring matter, 


forming with it a pruffiate of ammoniac. 


Lime-water alfo, moderately warm, diffolves 
the Pruffian colouring matter, (as M. Fourcroy 
firft obferved,) and holds it in folution without 
the oxide of iron, This folution, or pruffiate 
of lime, is of a pale yellow colour. 


I have {tated thefe facts refpecting the Pruffian 
blue, becaufe they are particularly connected 
with its ufe in dying. Thofe who with for far- 
ther information refpecting it, may refer to an 
interefting <* Memoire” on this fubject, by Mr. 
Berthollet, of which an extraét is contained in 
the firft volume of the Annales de Chymie. 
He concludes, that the Pruffian colouring mat- 
ter confifts of azote, hydrogene, and carbone, 

combined 
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combined in certain propor tions, not yet accu- 
aris aidercnemtet and that animal fubftances 


Orr 


affift in forming it, by fupplying a portion of 
azote uh they contain. 


The uncommon beauty and luftre of the 
Pruffian blue, have occafioned many endeavours 
to apply and fix it equally and permanently as 
a dye. The late Mr. Macquer propofed two 
methods of doing this, but n either proved fuc- 
cefsful. In the firft he foaked the ftuffs in a 
folution of alum and copperas, and then in a 


Lu 
a 
diluted pruffiate of pot-afh (Pruffian blue dif- 
folved by pot-afh) ; and laftly, in water a ‘little 
foured by { juice acid, in order to diffolve 
and remove any fuperfluous oxide of iron. By 


doing this repeatedly, he produc ced a very beau- 


oe a I re De ee heen Re 
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: ' 1 F 5 Aes rs 
the texture of the filken: and woollen ftutis was 


Jaret wverw- harfl 
rendered very harfh. 


be dyed were boiled in a folution of alum and 
tartar, and afterwards in water containing 
Pruffian blue, which had been finely pow dered. 
In this, however, the colouring particles were 
only fufpended, without being diffolved, and 
therefore, though they were applied to the fibres 
of the ftuffs, it was without any chymical union, 
and fo fparingly as only to produce very faint 
fhades of colour. 


In Mr. Macquer’s fecond proces the ftuffs to 
7 


| 
i 
ail 
tn 


The sla Menon recommended a different 
procefs for dying linens and cottons with ue 
Pruffian blue. They were firft dyed black 1 
the ufual way, with a piadeenks bafis ; if 

then 
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then foaked a few minutes in a diluted folution 
of Pruffian blue, made by pot-afh; after which 
they were boiled in water with alum, and took 
thereby a deep blue. In this cafe the Pruffian 
colouring matter feemed to exert a {trong at- 
traction upon the oxyd of iron contained in the 
black dye, and thereby to decompofe and feparate 
the vegetable colouring matter (of galls, &c.) 
and in its ftead to combine with the ferruginous 
bafis. Mr. Berthollet, however, obferves, that 
this effect does not take place unlefs the Pruffian 
blue has been diffolved with an excefs of pot- 
afh, and I am perfuaded it is chiefly owing to 
the boiling with alum nein difcharges the co- 
louring matter of the galls, &c. leaving only 
that of the Pruffian blue united to the ferrugi- 
nous bafis. 


Some years fince M. Roland de la Platriere 
publifhed among the ‘ Arts et Metiers” of the 
Royal Academy of Sciences at Paris, an ac- 
count of another method praétifed at Rouen for 
dying with the Pruffian blue, in many refpects 
fimilar to Mr. Macquer’s fecond procefs, but 
with this difference, that the Pruffian blue in 
fine powder was fufpended, not diffolved, by a 
diluted muriatic acid, inftead of pure water; a 
change which feems to have been attended with 
fome advantage, though it was with difficulty, 
and not without many precautions and tedious 

operations, that an equal colour of fufficient 
body could be obtained; and then, though 
highly beautiful, ic was not in a ftate of chy- 
mical combination with the fibres of the cot- 
ton velvets, for which it was principally ufed, 
and therefore was liable to be eafily abraded by 

wearing 
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wearing and friction, efpecially in thofe places 
where it had been folded. Air, however, did 
not weaken the colour in any degree, nor was it 
injured by acids, 


A little time before this, M. le Pileur d’A- 
pligny announced to the world that he had dif- 
covered the means of dying a blue, as far ex- 
ceeding all other blues in beauty and luftre, as 
the cochineal fcarlet exceeds the common reds. 
He, however, kept his procefs fecret, until the 
offer of . premium induced him to make it 
public. He began it by impregnating the ftuffs 
to be dyed with an tron bafis, which he prepared 
by deflagrating equal parts of old iron and falt- 
petre ina crucible, afterwards wafhing the re- 
fiduum and diffolving it in vinegar and bran- 
water. This being fufficiently diluted, was ap- 
plied as a mordant in the ufual ways to the 
ftuffs, which were afterwards well rinced, and 
dyed in a preparation of Pruffian blue, made by 
diffolving two pounds thereof (in the moift {tate 
in which it is firft precipitated) by half a pound 
of pot-afh, in boiling water, and afterwards 
adding three ounces of common oil of vitriol, 
or an equivalent portion of nitric acid, fo as to 
neutralize the alkali, without precipitating the 


colour, A fufficient quantity of this put into a 
dving veffel, with hot water, and the ftuffs, pre- 
vioutly impregnated with the iron mordant, be- 
ing dyed therein, they became at firft green, and 
afterwards of a eat ihi blue colour ; which was, 
however, {till liable to take unequally, and there- 
fore M.d’Apligny’s procefs, as far as I can 
learn, has never been carried into any confider- 
able ufe, 


In 
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In the thirteenth Volume of the ‘ Annales 
de Chymie,” (for April laft,) Mr. Berthollec 
gives an account of certain ideas which had oc- 
curred to him refpecting the defects of all the 
means ufed for dying with Pruffian blue, and of 
fome experiments made at his defire by Mr... 
Vidmer, of the celebrated calico- printing efta- 
blifhment at Jouy, for correcting thefe defects. 
It was found by thefe experiments, that pieces 
of cotton, impregnated with the acetite of alu- 
mine or iron liquor, notwithf{tanding all poffible 
endeavours to apply it equally, took up the co- 
lour of Pruffian blue (firft diffolved by pot-afh, 
and then mixed with either fulphuric or muriatic 
acid) fo very unequally, as to leave no hope of 
fuccefs inthis way. Mr. Berthollet accounts for 
this inequality of colour, by fuppofing that one 
part of iron is fufficient for fix of the Pruffian 
colour; and that therefore the flighte{t differ- 
ence in the diftribution of the particles of that 
metal in the mordant, becomes very fenfible 
when the Pruffian colouring matter is after. 
wards fuperadded thereto. 


Mr. Vidmer was particularly ftruck. with the 
greens which were produced with the PruMfian 
blue, upon patterns previoufly dyed olive in the 
ufual way by the iron hquor and weld, which 
greens greatly furpaffed in beauty all thofe given 
by any other means. 


Mr. Berthollet, by experiments which were 
afterwards made feparately from Mr. Vidmer, 
difcovered that the folution of Pruffian blue by 
lime water (pruffiate of lime) fucceeded as 

well 
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well as that by pot-afh, and that it required lefs 
care refpecting the proportions: but he thinks 
the alcaline folution will have the advantage of 
being afforded cheaper, becaufe when an nimal 
matters have been calcined with pot-afh, no- 
thing more will be neceffary than to faturate the 


excefs of alkali, by adding .to it a little Pruffian 
blue. 


Mr. Berthollet’s method was to dilute the 
pruffiate of lime with three or four times as 
much water, or to dilute with a large quantity 
of water, a fmall one of the pruffiate “of pot-afh, 
and then to mix with it a little fulphuric acid, 
and keeping the liquor at a heat of between 
twenty and thirty degrees of Reaumur’s ther- 
mometer, to immerfe the cotton, linen, or filk 
therein, (having firft foaked it in warm water,) 
and turn it over a winch, &c. as ufual, in order 
that the colour might be equally applied. The 
dye was found to take fufficiently in a few mi- 
nutes, and then the ftuffs were taken out and 
wafhed in cold water. He found the fulphuric 
acid preferable to the muriatic. 


Cotton and filk previoufly dyed gray or 
brown, with galls or other nigrefcent vegetable 
colouring matters, applied to a ferruginous 
bafis, acquired by the proce efs juft mentioned a 
blue colour, proportioned to the depth of the 
former brown or gray; and thofe which had 
been previoufly dyed olive, by the application 
of weld, or other adjective vegetable yellows, 
took alfo a beautiful green, proportionate to 
fuch olive colour. He fays nothing of the ef- 

fects 
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of this method of fying on wool, having, 
made fearce any trials therewith. 


Cotton and filk dyed black by the ordinary 
means, were found, by fuperadding a blue in 
Mr. Berthollet’s method, to become more per- 
fectly bl] sega as well where the origiia: colour 
had faded, as where it had been but imperfeétly 
produced at firft. He cautions againft ufing 
too much acid, as well as againft making the 
dying liquor too hot, and keeping the ftuffs too 
long therein, e{pecially the filk, which would 
thereby lofe fome of its luftre and foftnefs. 

One great defect, however, attending this me- 
thod of dying, efpecially upon cotton, is, that 
the ftuffs, to which the Pruffian blue we been 
applied, will not bear wafhing, becaufe, though 
the colour refifts air extremely well, the alkali 
contained in foap readily diffolvyes and feparates 
the Pruffian colouring matter. As a remedy 
for this defect, Mr. Berthollet recommends wafh- 
ing the cottons, dyed by his procefs, with bran 
and water, inftead of foap, which, he fays, will 
likewife have the advantage of preferving the 
other colours, of printed cottons; or rather of 
not injuring them, as wafhing with foap gene- 
rally does in fome degree. Among the effects 
mentioned by Mr. Berthollet, that which i 
thought the moft ipa Gog was, the change of 
what he (improperly) calis an o/ive colour, pro- 
duced by weld and iron liquor, to a very beau- 
tiful green, by the application of Pruffian blue 
in the way before defcribed. The gree in this 
inftance could not be produced without a mix- 
ture of ye//ow with the blue; and weld, the only 

colouring, 
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colouring fubftance from which it could in this 
cafe be obtained, never would afford any fuch 
colour without the aluminous or fome other 
bafis very different from iron. I determined 
therefore, as foon as poffible, to afcertain the 
truth refpecting this point; and for this pur- 
pofe I took a large piece of cotton, which had 
been printed in parallel longitudinal ftripes, firft 
with a mixture of iron liquor and galls, next 
with iron liquor only; then with a mixture of 
Iron liquor and the aluminous mordant (acetite 
of alumine); and laftly with the aluminous 
mordant only ; then followed a white ftripe to 
which nothing had been applied, and thefe were 
repeated fo as to cover the piece. ‘This I dyed 
in the ufual way with a decoction of Quercitron 
bark, and thereby the firft {tripe became black, 
the fecond of a dark drab colour, the third of an 
olive, and the fourth yellow. I then took a fo- 
lution of pot-afh, fully faturated with the Pruffian 
colouring matter, and poured fome of it into a 
large veffel nearly filled with moderately warm 
water, to which I added a large proportion of 
oil of vitriol (fulphuric acid): this, from its 
weight, funk to the bottom. I took care, how- 
ever, by ftirring, to mix it thoroughly with the 
liquor ; which became uniformly blue, and had 
a four tafte. I then tore off a {trip of the dyed 
cotton of the whole breadth of the piece, and 
immerfed it for a fingle minute only in the li- 
quor; when, on taking it out, I found that every 
particle of the colouring matter of the galls and 
Quercitron bark had been difcharged, and re- 
placed by the Pruffian colouring matter upon 
the ftripes where an iron bafis had been at firft 
applied, nearly according to the quantum — 

afis. 
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bafis, The firft tripe, therefore, inftead of be- 
ing black, was aor a very full, deep, ftrong blue 
colour ; the fecond was fufficiently full, though 
very fenfibly weaker; and the third was “till 
weaker; the fourth, to which the aluminous 
bafis only had been applied, was of a very pale 
bluith colour, almoft as flight as the fifth, which 
had not been upereen ests d with any bafis or 
mordant. . To diminifh the excefs of fulphuric 
acid in the liquor, as we as to replenifh it with 
colouring matter, I added thereto a farther por- ¢ 
tion of pruffiate of pot-afh, which being pro- 
perly mixed, I immerfed another {trip torn from 
the fame piece of cotton, and taking it out alfo, 
after a fingle minute, I found that in this in- 
tance the excefs of fulphuric acid had not been 
great enough to difcharge the in 1g matter 
of the galls, thou: oh it “had total ly difcharged 
that of the Quercitron bark. I had, therefore, 
inftead of a very dark blue on the firft ftripe, 

-very full black, greatly fuperior to what it 
had been originally, the black from galls and 
iron having become-much more intenfe by an 
additional body of blue colour. All the other 
{tripes were very fimilar to thofe of the preced- 
ing trial, I then perfectly neutralized the ex- 
cefs of acid in the dying | liquor, by ihe toita 
fufficient quantity of pruffiate of “pot- afh ; and 
a third od of the fame cotton being put into 
it for the fame fpace of time, I fe ea ‘that none 
of the colouring matter of the Quercitron bark 
was difcharged in thofe parts where it had been 
united to the aluminous bafis, though: it ap- 
peared to have been decompofed and {eparated 
from the ferruginous, and its place fupplied b 
the colouring matter of the Pruffian blue. 

P 
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had therefore on the fecond ftripe a blue colour, 
inftead of the drab which the Quercitron bark 
had produced with the iron iiquor; and on the 
third ftripe, inftead of an olive, I had a very 
beautiful green, compofed partly of the yellow 
from the Quercitron bark ‘and the aluminous 
bafis, and partly of the blue which the Pruffian 
colouring matter had produced on the fame 
ftripe, by uniting with the ferruginous particles 
of the iron liquor, originally mixed with the 
acetite of alumine, and applied as a mordant 
upon that ftripe. The yellow upon the fourth 
{tripe remained in full perfection; and the fifth 
{tripe was perfectly white, having been quite 
freed from a flight difcolouration which the 
Cuercitron bark had produced on it in the dy- 
ing veflel By this, and many fimilar experi- 
ments, made fome of them with weld inftead of 
Quercitron bark, I clearly perceived that Mr. 
Berthollet mut have been miftaken, when he 
fuppofed that the olives which were changed 
into beautiful greens in the manner before men- 
tioned, had been elven ar the weld and iron h- 
quor only, becaule no fuch effect can be produced 
either from that or any other adjective vegetable 
colouring ma Ltter without the aid of al himine, 
or of oxide of tin, to produce a re sly hilt 
the ferruginous bafis, by attracting the Proffian 
colour, produc es: a weg the other component 
part of the green. I afcertained this fact more 
completely by extending my experiments to 
woollen cloth, of which Mr. Berthollet fays no- 
thing in this refpet. I began by dying pieces 


i 


of white broad cloth, fome with weld and cop- 


peras, others with Quercitron bark and cop- 
peras, which in both cafes produced nearly the 
lame 
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fame drab colours; and the pieces being fo 
dyed, I immerfed them in different portions of 
diluted pruffiate of pot-afh neutralized, with 
fulphuric acid, a little more than blood-warm, 
in which they all, after ten or fifteen minutes, 
became blue, the Pruffian colouring matter 
having decompofed and feparated that of the 
weld and Quercitron bark, which by fuitable 
experiments I afterwards found to be contained, 
in the feveral liquors where the Pruffian colour.‘ 
ing matter had before been fufpended. If in 
ftead of dying the cloth with weld or Quercitron 
bark and copperas only, I ufed alum along 
with copperas, an olive was produced ; and this 
being foaked as before mentioned in warm di- 
luted pruffiate of pot-afh, neutralized with ful- 
phuric acid, produced a green; the alum and 
Quercitton bark or weld furnifhing a fufficient 
quantity of yellow for that purpofe. In all 
thefe and many other experiments I found, that 
though the Pruffian colour in this way readily 
decompofed and feparated moft of the adjective 
colours united to a ferruginous bafis, for which 
it has a ftrong attraction, it had not any fuffi- 
ciently ftrong for the aluminous bafis to feparate 
the colouring matters combined therewith: and 
hence in all cafes where a portion of aluminé 
had been united with iron, to form the bafis or 
mordant, and an olive colour had been thus pro- 
duced by weld or Quercitron bark either upon 
cottons, filk, or wool, a green invariably re- 
fulted, from an application of the Pruffian al- 
kali with fulphuric acid, unlefs where this 
acid was made to predominate fo greatly as to 
decompofe, even that part of the vegetable co- 
Jouring’ matter which adhered to the “luminous 

ee pare 


212 PHILOSOPHY OF 


part of the bafis. By refle€ting upon thefe facts, 
I was led to a method of applying the Pruffian 
blue for dying upon woollen, filk, and cotton, 
which feems to me capable of obviating every 
difficulty hitherto attending its ufe for thefe pur- 
pofes. I have already mentioned Mr. Berthol- 
Jet’s opinion, that the inequality of colour to 
which the dying with PruMfian blue is liable, 
.arifes from the difficulty of applying the ferru- 
binous particles alone equally to all the fibres of 
the cloth; though this may be eafily done, when 
the particles of the iron are combined with thofe 
of different adjeCtive vegetable colours; } there- 


O 
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proportions of copperas, \ bark, 
( dyed 

a piece of woollen cloth in mix- 
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by boiling it therein for ten or fifteen mi- 

yutes; J chofe thefe vegetable dying drugs, 
itl regard to their particular colours, 
hey were cheaper than any others, 

oe being had to their proportions of co- 
louring matter, and becaufe they -do not con- 
tain any mixture of that particular {ubflantive 
colouring matter found in galls, fumach, &c: 
which the Pruffian colour would be lefs capa- 
Ce BETES REY (5 HAE abe Ue Oo se ; ‘The’ mieree 
ble of decompofing and difcharging. The pieces 
fo dyed being afterwards feparately immeried in 
=e | ey Page pies See 1 1] ~ han 

by fulphuric acid, became all equally and beau- 
titully blue. It muft, however, be obferved, 
that this does not always happen, becaufe when 
too much cdpperas is employed in the dying 
Bi j 3 af , c J ; o 
with Quercitron bark, 8c. there will be an 
excefs of calx of iron applied to the: fibres of 
the wool, which, from its rufty yeliow colour, 
12 will 
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will give the Pruffian blue a greenifh tinge. 
This, however, may be readily difcharged, by 
paffing the cloth th rough warm water, flightly 
foured by murtatic acid; though a few expe- 
riments would be fufficient to afcertain exactly 
the quantity of copperas i bichiit for produc- 
ing any particular thade of blue in this way up- 
on any given quantity of cloth, and thereby ob- 
viate all difficulty on this point. It is neceflary 
always to apply the Pruffian colouring matter 
in a moderate heat, otherwife it will be preci- 
pitated by the fulphoric acid, and rendered unfit 
for this purpofe, unlefS diflolved again by pot- 
afh, lime, &c. 


I fhall offer fomething more refpecting the 
ufe of Pruffian blue for dying green upon wool- 
lens, when I come to treat of the properties of 


Quercitron bark. 


To afcertain whether any affinity exifted be- 
tween the aluminous bafis and the colouring 
matter of Pruffian blue, I took a piece of cot- 
ton which had been printed with the aluminous 
mordant, and cleanfed as ufual for topical dy- 
ing, and immerfed it in warm diluted pruffiate 
of pot-afh; feeing, however, at the end of fif- 
teen minutes that it had acquired no colour, I 
put into the hquor a {mall proportion of a folu- 
tion of iron by muriatic acid, which rendered it 
blue, and the cotton foon became of that co- 
Jour pretty equally, without any manifeft dif- 
ference of colour in the places to which the 
aluminous mordant had been pereun y applied. 
Taking the cotton out of this dying liquor, I 
tore off a bit of it, and wafhed it with foap, 

P 3 which 
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which foon difcharged all the colour, excepting 
where the cotton had been impregnated with 
alumine, and there it was confiderably weak- 
ened, though enough remained to fhow that it 
was attracted and rendered more fixed by the 
aluminous bafis. Another bit of the fame cot- 
ton was immerfed in a folution of ammoniac, 
(vol-alkali,) which having a power of. de- 
compofing the Pruffian blue, 1 fuppofed it 
would weaken, if not wholly difcharge the co- 
lour. To my furprize, however, I found it 
greatly augment the blue, which before had 
been rather pale, and give it ginek the appear- 
ance of what is called garter blue; an effect 
which will perhaps be the lefs furprizing, if we 
confider that volatile alkali, like the Pruffian 
colouring matter, is an animal production, and 
compofed of the fame principles, excepting only 
the carbone, which it wants, and which exifts in 
the latter. 


Another bit of the fame cotton being put 
into water, very flightly tinctured with a folu- 
tion of copper by volatile alkali, the blue co- 
lour in a very fudden and furprizing degree aug- 
mented to an intenfely deep garter blue or Vio- 
Jet, much exceeding that pro sduced by the am- 
moniac Hoes: and this being afterwards wafhed 
with foap, the colour of thofe parts where the 
aluminous mordant had been at firft applied, 
was {till better fixed than it had been on the like 
parts by the volatile alkali alone in the preced- 
ing trial. 

Another piece of the fame cotton being im- 

nerfed in water, with which a very little mu- 
riate of copper had been previoufly mixed, foon 
became 
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became of a deeper blue, but without any of 
the purple or violet hue which had been pro- 
duced in the two preceding inftances. 


This piece being afterwards wafhed with 
foap, I perceived that the colour where the 
aluminous mordant had been applied was ftill 
much more firmly fixed than it had been by any 
other means. Indeed after a fevere wafhing, 
which completely difcharged the colour every 
where elfe, the fpots or parts impregnated with 
alumine retained a full ftrong blue, which the 
foap had indeed turned a little towards a violet 
colour; but after being well rinced in clean wa- 
ter, it returned again to its proper complexion, 
and ftood a long expofure to weather unaltered, 
and afterwards two or three fevere wafhings with 
foap, without much diminution of colour*. It 
muft, however, be remembered, that if copper 
thus manifeftly fixed the Pruffian blue, it was 
only in thofe parts where the aluminous mor- 
dant had been at firft applied ;_ fince the other 
parts of the cotton were wafhed white as foon as 
they were on the bit, to which nothing had been 
applied after it became blue; fo that there can 
be no doubt but what both alumine and copper 
together greatly contribute to fix the colouring 
matter of Pruffian blue. The copper snflees. 
as we fhall prefently fee, pofleffes a power Mi 
uniting therewith, and producing one of the 


* In this and the other pieces the blue upon the {pots 
impregnated with alumine, after it had been weakened by 
wafhing, was rendered nearly as ftrong as ever, by dipping 
them in o water flightly foured with falphuric acid, fo as to 
decompofe and neutralize the alkali which had been im- 
bibed from the foap in wafhing. 
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moft permanent of colours even upon linen and 
cotton ; a fact which I believe Sayer was 1ma- 
gined by any one, until it very late ‘ly fell under 
my Rags a From thefe proofs of the utility 
of an aluminous bafis in fixing the Prufiian 
bias it probably would prove advantageous to 
Prep are woollens by the ufual boiling with alum, 
ilum and tartar, before they are dyed with 
a peras bite Quercitron bark, fuftic, or log- 
d, a Pruffian blue. But in this cafe it 
willbe necef iry tO Mix a if de proportion of 
oil of vitriol in the pruffiate of pot-afh, or of 
lime, 1m order that there may be an excefs of 
acid to affift in dilcharging shell vegetable co- 
Jouring matters, otherwife inftead of hein ue they 
would prod luce a green, or a black, where log- 
wood had been employed with the copperas. 


we OO? 
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on of filk and of cotton in 
f pot- afh, foda, lime, and 
ES volatile alk alt, feparat ely, an 
ds me ried them, I applied to each, by the 
penc “cil, a little of the folutions of all the metals 
and femi-metals in moft of the different acids 
and alkalies, where they were foluble in the lat- 
bi order to fee the effects of all thefe feve- 
ales upon the Pruffian colouring matter. 


+ 


juld tre the patience of my readers, were I 


acuta to defcribe the refults of thefe dif- 
erent combi inaeons; efpecially as no words can 
hit hae ideas of the great variety of 

ides and degrees of colour, and particularly of 

he blue eed by them, and which var ied 
predigioufly in its degrees of fullnefs and bright- 
nefs, as well as in its inclination towards the 
purple and violet on one hand, and green on the 
other ; 


indeed the diverfities of blue 
the colour produced by much the 
imber of ‘igo folets ns,) would 


snftitute a vind en im riety of co- 


{ 


tr Kk. or cotton. 

were, However ve: at's other colours pro- 

at the fame time; e.g. The nitro-mu- 
produced very beautiful green, in- 

ining a little to the yellow, es by wafhing, 
d fomewhar to the olive, whilft the nitro- 

yf platina produced a‘green inclining 

The muriate of tin, and the ni- 

rreenifh yellows, 

an olive brown. But 

id probably the moft 

applications, was, a very 

colour, of which I cannot 

perfect idea, be- 

not remember to have ever before 

een any colour exadl like it, and there is I 
yin no name in< age fuited toit. It 
approach ef ever, to the higheft and 
seeks palss of A pper, but inclines 
more to the red, and is accompanied with a 
kind of metallic fhining vide which in my 
eyes appeared very agreeable: This colour 
(w hich | fhall call the ted copper colour, until 
a better name be given it) was produced by 
the different {olutions of copper in the fulphuric, 
a nitric, the murtatic, and the acetous acids fe- 
rately; and particularly well by that in volatile 

li. Copper, however, was not the only 
metallic bafis which produced this colour, 
though it was the cheapett, and therefore the 
moft fuitable for ¢ this purpofe. The nitrates of 
filver and of cobalt produced exactly the fame 
colour 
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colour as the folutions of copper, and they all 
equally mpicecd the fingular property of fixing 
the Pruffian colouring matter fo firmly to this 
red coppery hue, that, befides refitting acids, 
no number of wafhings with foap, nor expofure 
to weather for the longeft {pace of time, feem 
capable in the leaft degree of diminithing either 
Its body or its luftre, and therefore 1 cannot 
help thinking that it may prove highly ufeful, 
and more efpecially for calico-printing, by way 
of topical application upon cottons, and perhaps 
in dying cotton-yarn for ftripes of muflins, bor- 
ders of handkerchiefs, &c. I have not expe- 
rienced the fame effeét from a dire mixture of 
the Pruffian colouring matter with a folution of 
copper, not even when I put the pruffiate of 
ammoniac into a folution of copper by ammo- 
niac (which I thought moft likely to anfwer) ; 
but have always found it neceffary either to ap- 
ply the Pruffian colouring matter (diffolved by 
pot-ath, foda, ammoniac, or lime) firft to the 
linen, cotton, or filk, and after fuffering it to 
dry, to apply fome one of the before mentioned 
folutions of copper, filver, or cobalt; or elfe to 
apply the metallic folution firft, and then the 
Pruffian; but in this laft method, I have not 
found any folution of copper anfwer fo well, ex- 
cepting that by the ammoniac, or volatile al- 
kali. 


Many of the other colours (befides the cop- 
pery red laft mentioned) which were produced 
on filk and cotton from the Pruffian colour, and 
the different metallic folutions, ftood feveral 
wafhings with foap, and particularly the blues, 
of different fhades and complexions. ‘They all 

perfectly 
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ip ioe. of air; and it 
are capable of very ufeful 
applications in sf way, and particularly fuited 
for a kind of printing > or painting upon filk, 
which for this purpofe might be ‘impregnared 
with a diluted colourlefs  prufice of po -alh, 
foda, or ammoniac, or with a pruffiate of lime, 
and made to receive a pleafing variety of co- 
lours from the different metallic folutions, ap- 
plied either by the pencil or the block; and 
after drying, a farther addition of colours mi ight 
be made, by rincing the filk in clean water, to 
carry off the Pruffian colour from the parts 
where it was not wanted, and make room for the 
application of many different fubftantive colours, 
which either have been or will be mentioned i 


the courfe of this work. 


Similar applications might alfo be made to 
muflins ; ball in that cafe, as fome of the PruMian 
colours would be liable to injury from foap, it 
would be proper to wafh them with bran or oat- 
mealin water, I ought farther to mention, that 
in fome inftances the fame metal ct Pived by 
different acids does not produce the fame colour 
with the PruMfiate of pot-afh, &c oie @. £. 
though the nitrates of filver and pahelt produce 
the red copper colour before defcribed, the mu- 
riates of thefe metals produce a blue, and though 
the nitrate of lead produces a {trong lively blue, 
the muriate of that metal produces no colour 
with the pruffiates of lime, ammoniac, &c. To 
conclude this fubject, I fhall only add, that when 
I firft obferved the red copper colour produced 
as before mentioned, and experienced its fixed 
unalterable nature, I ftrongly fufpeéted that the 

oxyd 
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oxyd of tron made a part of hy more efpecially 
as it had firft oc ccunetiecl | to me, en applying the 
ammioniate of copper to the > prufliat e of pot-ath ; 
but I always found the fame effect from the 
pruffiates of ammoniac and lime, in which, by 
fuitable means, I fatisfied myfelf that no iron 
was held in folution; and I moreover found, 


that no lolution of iron would produce any iu ck 
effect with any of the folutions of copper. 


BS ake ae ay 
Of Adjeftive Colours from European and Afiatic 


Lnfect CiSe 


s© La laine & la foie qui sa pair ont plutot dans leur 
* couleur naturelle Ja ru ficite ¢ > Page Ags f Hen 
‘ de Phomme & la politeffe du fiecle, n’aurotent 
qu’un mediocre commerce fi la teinture ne leur 
donnoit des agréments qui les font rechercher & 

defirer meme par les nations les plus barbares.’” 
CoLBert, lnfrudfion generale 

tour la Teinture, &c. 1672. 


4 


yes ghee 
‘age kermes (Coccus Ilicis, Lin.) is an in- 


fe&t which the Greeks and Romans diftin- 
guifhed by the names of Coccus Baficus, Coc- 
cus Infectorius, Coccum) Squarlatinum, Gra- 
num Tinctorium, &c. and which is found on 
a {mall fpecies of oak (the Quercus Coccifera 
of Lin.) growing in moft of the fouthern parts 
of Europe, as well as in many parts of Afia. 
According to Father Plumier, the Arabian 
name of this infect kermen, or kermes, fignifies 
a little 
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a little worm ; uoughhe confidered 
it as the ex > of a tree, mentions it as 
fpeedily | 2 a worm: “ Coccum Ilicis 
“© celerime in vermiculum fe n 

This infect appears to have been one of the 
moft ancient of all dying drugs, and that which 
produced the colour originally known by the 


name of fcarlet in England, as it had been by 
that of coccus among the Romans. Pliny in- 
deed inaccurately defcribes it as a kind of rofe 
colour, (coccus, qui in rofis micat,) whereas 
it is in fact a red, approaching nearly to that of 
florid arterial blood. Ctefias and Elian alfo 
mention a crimfon colour produced from in- 
fects, which probably were either the kermes or 
lacca infects. Sir John Chardin, in an account 
of Perfia, (publifhed in Harris’s Voyages,) re- 
marks, that in certain parts of Media ‘ they 
“¢ gather cochineal, though in no great quan- 
“¢ tity, mor for any longer time than eight days 
«¢ in fummer, when the fun is in Leo; for be- 
<< fore that time the people (continues he) fay 
«* it doth not come to maturity ; and after it, 
“© the worm from which they draw the cochineal 
‘© makes a hole in the leaf in which it grows, 
se and is Joft. The Perfians call cochineal 
<¢ kermes, from kerm, which fignifies a worm, 
«© becaufe it is extracted out of worms.” But 
in this inftance the term cochineal, which be- 
longs peculiarly to an American infect, is very 
improperly applied to the kermes. 

The firft volume of the Philofophical Tranf- 
actions contains a paper, written by M. Verney, 


© Tip. xxiv fect. 4. fol. 927. 


then 
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then of Montpellier, refpecting the Natural 


Hiftory of the Kermes; and M. Reaumur af- 
terwards defcribed eK ery minutely in the 
i urth volume of his ‘* Memoires pour fervir 
VHiftoire des Infeétes.”’ But the moft 
wfefil information on this fubjeét feems to be 
that which M. Chaptal lately gave to M. Ber- 
thollet, and which he has pul Bbitheds in the fecond 
Volume of his Elemens de l’Art dela Teinture. 
The male infect paffes from its vermicular ftate 
through the | forms into that of a fly with 
four wings; though the female never acqui res 
any wings, but fixes herfelf on a leaf of the oak, 
where, being impregnated by the male, her fize 
teal increafes (as the eggs enlarge) to 
that of a iil aad ae and the at the fame time 
becomes of a reddifh brown colour. When the 
eggs are on the point of hatching, the females 
fhould be colleéted and expofed to the fteam of 
winger, to kill them and prevent their young 
from being brought forth ; and afterwards they 
fhould be dried by being fpread out on cloths, 
by which treatment they acquire the colour of 
red wine. M. Chaptal lays, that a fingle perfon 
may collect from one to two pounds of kermes 
in a day. Formerly very great quantities of 
thefe infects were gathered, particularly in the 
uthern parts of France and Spain, for dying ; 
it their ufe in this way has been almoft whoily 
fuperfeded, at leaft in Europe, by that of the 
cochineal, which affords a more beautiful, and 
even a cheaper colour, fince one pound of the 
Jatter will dye as much as twelve pounds of 
kermes, which probably could not be now had 
in any ql santity for lefs than half a crown the 


pound. But the kermes red or fearlet, though 
lefs 


pa lS 
- 
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lefs vivid, is more durable than that of cochi- 
neal, and much leis liable to be changed by foap, 
re, 1. &c Th ine blood reds feen: ; 

a id, mud, OCC: Lilie i DL00d reds een: at 
this time on old tapeftrics in different parts OF 


t 
} 


Europe, unfaded, though 
or three hundred years old, were all dyed pir 
kermes, with the aluminous bafis, on woollen 


yarn. 


To prepare wool for the kermes dye, it is to 
be boiled in water, wi bem one-fifth of its 
weight of alum, and half as much of tartar, for 
the {pace of two hours, a ne Mie dake left in 
the fame liquor four or rap days, when being 
rinced, it is to be dyed in the ufual way, with 
about twelve ounces of cochineal, for every 
pound of wool. Scarlets, &c. given from 
kermes, were called grain colcurs, becaufe that 
infect was miftaken for a grain; and afterw are ls 


the fame appellation was for the fame 1 
given to cochineal colours. 


Wool prepar ed with a nitro-muriatic folution 
of tin, (as is now ba ed or the 
fcarlet,) and dyed with kermes, take 
aurora, or reddifh o1 range colour. 
pared with the printer’s ‘aluminous m« ee int, ia 
dyed with kermes, exhibits a fine red, beareie: 
to the crimfon Haile: but this will -; 
though flowly difcharge, and the oh 
weakened in wafhing. 


I had formerly made fome experiments which 
feemed to promife fuccefs in fixing ee colour 
of kermes more permanently on cotton; and 
wifhing to repeat and extend them, I endeavoured 

to 
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to procure kermes fufficient for this purpofe ; bue 
finding none in Great Britain, I have tal 

to fecure a fupply from the fouth rance, 
however not being yet come to han 4 J thal | de- 
fer what I may have farther to communicate on 
this fubject, until the publication of my next 
volume. 


n WwW } 


ert 
e 


Art. II. Lacca, or gum lac, 1s brought from 


> 

different parts of the Eaft Indies, and in dif- 
ferent forms. In its natural {tate it adheres ex- 
ternally to the fimail branches of certain fhrubs, 
and is then called ftick lac. When feparated 
from the ftic ks, and garbled, it 1s denominated 
Seed lac; and this liquefied by heat, and formed 
into cakes, is called dump fac. Seed lac, de- 
prived of its colouring matter, PY being boiled 
in hot water, then liquefied by heat, ftrainec 
and formed into thin tranfparent plates, be Eales 
foeli \ac*. Gum lac is the production of certain 
little infects of the coccus genus, of which the 
firft account deferving our notice feems to pave 
been that communicated by Mr 
of Patna, (through Sir Jofeph 
Royal Soci sein tana in the £ hilof- 
phical Tranfactions for 1781. According to Mr. 
Kerr’s defcription xe coccus lacca, whe 
firt brought forrch in November and December, 
«< the bend and trunk form one uniform oval 
«© comprefied red body, of the fhape and mag- 


= 


— cay 
C 
S 
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* Sir William Jones fays, “ th dus have fix names 
«¢ for La es but they gesctall y call tor Lactha, from the 
** multitude of imall infects, whos as they believe, difcharge 
<¢ it from their ftomachs, and at length deftroy the tree on 
«s which they form their colonies.”? Differtations, &c. 
relating to the Hiftory and Antiquities, &c. of Afia, vol. u. 
“ nitude 


3) 
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& nitude of a very fmall loufe, confifting of 
“ twelve tranfverfe rings; the back is carinate, 
«¢ the belly flat, the antennz half the length of 
ss the body, fili-form, truncated and diverging, 
<* fending off two, fometimes three delicate dix 
‘ verging hairs longer than the antennz.”’ 
The tail is “a little white point, fending off 
«© two horizontal hairs, as long as the body.” 
The infect had three pair of limbs half of its 
own length, but no wings were feen by Mr. 
Kerr. As foon as they are brought forth, the 
infects begin to * traverfe the branches of the 
<¢ trees upon which they were produced for 
«< fome time, and then fix themfelves upon the 
<< fucculent extremities of the young branches. 
« By the middle of January they are all fixed 
<< in their proper fituations, and appear as plump 
“as before, but fhew no other marks of life. 
<¢ The limbs, antenne, and fetz of the tail, are 
«© no longer to be feen. Around their edges 
«© they are environed with a fpiffed fubpellucid 
liquid, which feems to glue them to the 
branch. It is the gradual accumulation of 
this liquid which forms a complete cell for 
each infect, and is what is called gum lacca. 
About the middle of March the cells are 
completely formed, and the infect is in ap- 
pearance an oval f{mooth red bag, without 
life, about the fize of a {mall cuchanical in- 
fect, emarginated at the obtufe end, full of a 
beautiful red liguid. \n Oétober and No- 
vember we find about twenty or thirty oval 
egos, or rather young g orubs, within the red 
duid of the mother. When this fluid is all 
expended, the young infects pierce a hole 
Q «© through 


— os 
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«© through the back of their mother, and walk 
«< off one by one, leaving their exuviz be- 
« hind.” 


According to Mr. Kerr, the lacca infe&ts in 
the country where he wrote were found on four 
Species of fhrubs: 1ft, Ficus Religiofa, Lin. 
2d, Ficus Indica, Lin. jd, Plafo Hortus Ma- 
Jabaraci; and, 4th, Rhamnus Jujuba, Lin.— 
They fix themfelves in fuch multitudes on the 
branches of thefe trees, and more efpecially of 
the three firft, that ‘‘ the extreme branches ap- 
“© pear as if they were covered by a red dutt; 
‘* and their fap is fo much exhaufted, that they 
‘< wither and produce no fruit.” Birds perch- 
ing on thefe branches carry off great numbers 
of the lacca infects, adhering to their feet, and 
tranfplant, by depofiting them on other trees 
where they reft. 


** The gum lacca of this country (fays Mr. 
Kerr) is principally found upon the unculti- 
‘< vated mountains on both fides of the Ganges, 
** where bountiful nature has produced it in 
*«< fuch abundance, that were the confumption 
<* ten times greater than it is, the markets 
“‘ might be fupplied by this minute infect. 
<< The only trouble in procuring the lac is in 
“* breaking down the branches, and carrying 
** them to market. The prefent price in Dacca 
‘< is about 12s, the yoolb. weight, although it 
** is brought from the diftant country of Affam. 
‘© The belt lac is of a deep red colour. If it be 
«¢ pale, and pierced at the top, the value di- 
«© minifhes, becaufe the infects have left their 
«¢ ‘cells, 
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* cells, and confequently they can be of no ufe 
«as adye or colour:” though the lac itfelf may 
be better for varnifhes. 


The lacca is capable of being applied to fe- 
veral ufes. That of dying, however, is alone 
the object of our prefent inquiry; and for this it 
appears to have been known and employed by 
the ancients. (See Salmas. Exercit. p. 810.) 


By Mr. Kerr’s account, the native Indian in- 
habitants, after extracting the colouring matter 
of the lac by hot water, mix alum and tamarind 
water with the decoction, and dye filk and cot- 
ton therein. 


Of the four fpecies of fhrubs upon which the 
Jacca infeéts are found in the countries adjacent 
to Patna, according to Mr, Kerr, there is only 


one, the Rhamnus Jujuba, upon which Dr. 
James Aderfon found thefe infects near Madras, 
though he obferved them on feveral fpecies of 
‘Mimofa, and on fome other trees and fhrubs. 
Dr. Roxburgh, of Samulcotta, feems to think, 
however, that on the coaft of Coromandel they 
only inhabit fhrubs of the Mimofa kind, and 
even but three fpecies of this genus. He fays, 
(fee Philof. Tranf. 1791,) that ‘* fome pieces 
<¢ of frefh looking lac adhering to fmall branches 
« of the Mimofa cinerea, Lin. were brought 
<¢ to him on the 20th of November 1789;” 
and being carefully kept in wide-mouthed cryf- 
tal bottles, flightly covered, after fourteen days 
had elapfed ‘* thoufands of exceeding minute 
‘*s red animals were obferved crawling about the 


ae. €¢ lac 
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Jac and the branches it adhered to, and fill 
more were adhering to the furface of the cells. 
By the affiftance of glafles, {mall imperforated 
excrefcences were alfo obferved interfperfed 
among the holes ; two regularly to each hole, 
crowned with fome very fine white hairs, 
which being rubbed off, two white fpots ap- 
peared. ‘The animals, when fingle, ran 
about pretty brifkly ; but in general on open- 
ing the cells they were fo numerous as to be 
crowded over one another. 


<¢ The fubftance of which the cells were form- 
ed, cannot be better defcribed, ({ays Dr. Rox- 
burgh,) with refpect to appearance, than by 
faying, that it is like the tranfparent amber 
that beads are made of. The external co- 
vering of the cells may be about half a line 
thick, is remarkably ftrong, and able to refift 


injuries; the partitions are much thinner, 
The cells are in general irregular {quares, 
pentagons and hexagons, about an eighth of 
an inch in diameter, and a quarter of an inch 
deep: they have no communication with each 
other. All thofe I opened during the time 
the animals were iffuing from them, con- 
tained in one fide, which occupied half the 
cell, a {mall bag filled with a thick red jelly, 
like liquor, replete with what J take to be 
the eggs. ‘Thefe bags, or utriculi, adhere to 
the bottom of the cells, and have each two 
necks, which pafs through perforations in the 
external coat of the fhells, forming the before- 
mentioned excrefcences, ending in fome fine 
hairs, 


“<¢ The 
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“> The other half of the cells has a diftinét 
opening, and contains a white fubftance, like 
fome filaments of cotton rolled together, and 
a number of the little red infects themfelves, 
crawling about, ready to make their exit. 
Their portion of each cell is about one half, 
and I think muft have contained near one 
hundred of thefe animals. Other cells lefs 
forward, contained in this half, with one 
opening, a thick, red, dark, blood-coloured 
liquor, with numbers of exceedingly minute 
egos, many times {maller than thofe found in 
the {mall ba igs which occupied the other half 
of the cells.” 


Dr. Rox burgh defcribes the circumftances 
and progrefs tay infects, and particularly 
the females, chrougl the larva and pupa on- 
wards, to their pe rfeé ieee which laft they did 
not reach bith: near five months. The male 
infect in the perfect ftate was about the fize of 
a very fall fly, and exceedingly active; with 
an obtufe head, black eyes, oval brown trunk, 
fix legs for running and jumping, and four mem- 
branaceous incumbent wings, of which the an- 
terior pair was twice as long as the pofterior; but 
he had no tail. 


The female infect, in her perfect ftate, was 
rather fmaller than the male, and of a brighter 
red colour, though lefs active. Her head and 
eyes were very fmall; trunk red, and almoft au- 
bicular ; abdomen red, oblong, and eaetied 
of twelve annular fegments; fhe had fix legs 
for running and jumping, with only two long 
tranfparent incumbent wings, and a tail con- 


Q 3 fitting 
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fifting of two white hairs as long as_ her 
body. 


« The eggs, and dark-coloured glutinous li- 
quor they are found in, (continues Dr. Rox- 
burgh, ) communicate to water a moft beau- 
tiful red colour, while frefb. After they have 
been dried, the colour they give to water is 
lefs bright ; it would therefore be well worth 
while for thofe who are fituated near places 
where the lac is plentiful, to try to extract 
and preferve the colouring principles by fuch 
means as would prevent them from being in- 
jured by keeping. I doubt not but in time a 
method may be difcovered to render this co- 
louring matter as valuable as cochineal. 


s* Mr. Hellot’s procefs (adds Dr. Roxburgh) 


for extracting the colouring matter from dry 


lac, deferves to be tried with the frefh lac, 
in the month of Oétober or beginning of 
November, before the infects have acquired 
life; for I found the deepeft and beft colour 
was procured from the eggs while mixed with 
their nidus. His procefs is as follows: Let 
fome powdered gum lac be digefted two hours 
in a decoétion of comfrey root, by which a 
fine crimfon colour is given to water, and the 
gum is rendered pale or ftraw coloured. To 
this tinéture, poured off clear, let a folution 
of alum be added; and when the colouring 
matter has fubfided, let it be feparated from 
the clear liquor and dried. It will weigh 
about one-fifth of the quantity of lac em- 
ployed. This dried fecula is to be diffolved 
or diffufed in warm water; and fome folution 


«of 
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“ of tin is to be added to it, by which it ac- 
“© quires a vivid {carlet come This liquor is 
“© to be added to a folution of tartar in boiling 
«¢ water, and thus the dye is prepared. 


« In India (fays Dr. Roxburgh) comfrey roots 
‘© are not to be had; but any other mucilaginous 
“ root, gum, or bark, would probably anfwer 
<< equally well. On fome parts of the Coroman- 
«© del coaft, if not over it all, a decoction of the 
«© feeds of a very common plant, (Caffia Tora 
« of Linnzeus,) which is extremely mucilagi- 
< nous, is ufed by the dyers of cotton cloth blue, 
< to help to prepare the blue vat. It /u/pends 
<¢ the indigo until a fermentation takes place to 
‘© diffolve it, and alfo helps to bring about that 
‘¢ fermentation earlier than it otherwife wouid.’ 


Probably fome methods of extracting the co- 
louring matter of frefh lac, fimilar per hay ps in a 
confiderable degree to that propofed by Dr. 
Roxburgh, have been already attempted in fome 
parts of India. A gentleman, to whom I have 
already had occafion to allude feveral times, 
lately received from Bengal, where he had # for. 
merly refided, a parcel of a colouring matter, 
which had very much the appearance “of pow- 
dered cochineal, of which he gave me a few 
ounces, calling it Eaft-Indian Cochineal, with 
a requeft that I would try its effects in dying 
fcarlet. I happened then to have by me a piece 
of cloth which I had previoufly prepared for 
receiving a fcarlet from cochineal, (upon a new 
principle to be hereafter explained,) by impreg- 
nating it with a muriatic folution of tin, and a 
certain portion of yellow colour from the Quer-’ 


Q4 citron 
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citron bark; and I refolved to fee whether this 
Faft- Indian colouring matter would yield a crim- 
fon, capable, when fixed as a dye in the cloth fo 
impregnated and made yellow, of producing a 
{carlet, as the natural crimfon of cochineal 
would do by the fame means. But on boiling 
the cloth in queftion with this Eaft-Indian co- 
louring matter in water, I found it wholly in- 
foluble by this menftruum. However, upon 
taking out the cloth, and adding a little pear!- 
afh, the water immediately affumed a fine crim- 
lp. colour, the alkali having, as I afterwards 
difcovered, feparated the colouring matter from 
a portion of alumine which had been employed 
to precipitate it (in India), and to which it was 
too intimately united to be diffolved by water 
only. Having thus obtained an alkaline folu- 
tion of the colouring matter in queftion, I de- 
canted off the clear crimfon liquor, added to it 
a little muriate of tin, principally to neutralize 
the alkali, and piceipiiats ay alumine which 
might have been diflolved by it, and then dyed 
the piece of cloth before aPAEIGne TL which took 
a very good fcarlet, much better indeed than I 
have ever been able to give from the lac brought 
to this country in its natural form; though from 
many circumftances and fubfequent trials, 1 am 
fully perfuaded that the colouring matter which 
produced this effect, was in reality nothing but 
the colouring matter of lac, extracted either 
when frefh, or by fome particular means when 
dried, and afterwards precipitated either wholly 
or in part by alum. 


A few years fince, fome perfons in this coun- 
try formed an eftablifhment for extracting the 
colouring 
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colouring matter of dried lac; but it probably 
did not fucceed according to their expectations, 
fince it does not I believe now fubfift. An ex- 
tract, anfwering tolerably well, may be made 
from this drug, by merely boiling it in water, 
{training off the coloured liquor, and evaporat- 
ing it to a folid confiftence. The cells w 
contain the lacca infects, and the matter 
which they are compofed, as well as the ufes 
to which they are fubfervient, feem analogous 
in many refpects to the honey-comb, &c. of 

The fine red-coloured liquor contained 
in the cells of the lac is alfo defcribed by fome 
authors as being fweet to the tafte, at the fame 
time that it readily mixes with water. Great 
ufe is made of it as a dye by the natives of 
Affam. 


The colours dyed by ftick lac approach ver 
early to thofe of cochineal. ‘They are indeec 
not quite fo lively and beautiful, but this defe& 
is in fome degree compe niated by their bein 
more durable, “efpecially on cottons, where [| 
have employed it with fome fuccefs topically, 
with different bafes. It has been fometimes a 
practice to employ a mixtur ‘e of the colouring 
matter of lac, with that of cochineal, in pro- 
ducing fcarlets, &c. Both require the fame 
bafis, and nearly the fame treatment, which will 
be fully defcribed in the chapter refpecting the 
ufes of cochineal. At prefent, however, almoft 
all the lacca brought to Europe is afterwards 
fent to Portugal, Barbary, &c. and employed 
in ftaining goat fkins to produce what is called 

red Morocco leather. 


y 
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Art. III. The Coccus tinctorius Polonicus 
is a {mall round infect very much refembling 
the kermes in many refpects. It ufed to be 
collected, in confiderable quantities, in the 
Ukraine and other provinces of Poland, as well 
as in the Great Dutchy of Lithuania, from 
about the roots of the German knot-egrafs or 
knawel (Scleranthus perennis, Lin.). The male 
only, by a transformation fimilar to that of the 
male kermes, becomes a fly, though with but 
two wings, which are white, edged with red. 
The females, being impregnated by the male, 
enlarge their fize, and become ready to bring 
forth their young foon after the fummer folftice, 
at which time they abound moft in a crimfon 
juice, which was formerly very much ufed by 
the Turks and Armenians in fi a wool, filk, and 
hair, as well as in {taining the nails of women’s 
fingers. But the ufe of thefe infects, like that 
of kermes, has been nearly laid afide every 
where, fince the cheaper and more beautiful 
colours of cochineal have become generally 
known. This dye was fixed on wool and filk 
by the ufual mordant or preparation of alum and 
tartar. 


Very fimilar to the Coccus Polonicus is an 
infet, which in many wi of Europe was for- 
merly taken from the roots of the burnet, (Po- 
terium Sanguiforba, Lin.) and which was ufed 
in different countries, and particularly by the 
Moors, for dying wool and filk of a crimfon or 
rofe colour. Ray, defcribing this plant, fays, 

Hojus radicis adnafcitur quibufdam in locis 
“ granum rubrum, quo utuntur tinctores ad co- 

“ lorem 
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«© Jorem carmefinum, unde funt qui pro cocco 
«¢ habent, & coccum radicum appellant monen- 
«¢ tibus lacuna & anguillara.” Hitt. Plant. 
401. 


The Coccus Uve2 Urfi of Lin. is alfo an in- 
fe&t affording a fine red colour, capable of be- 
ing employed adjectively in dying. It very much 
refembles the Coccus Polonicus, as well in its 
properties as in its form, but with this advan- 
tage, that it is nearly twice as large. 


M. Olivier, in his ** Entomologie,” &c. fays, 
the meloé profcarabé might furnifh a colour ufe- 
ful to dyers and painters ; and that fome things 
of this fort might be obtained from a confider- 
able number of the co/eopteres. 


In the next chapter I fhall have occafion to 
mention another infect lately fent from India, 
and miftaken there for cochineal, with which [ 
dyed a very durable chocolate colour; and pro- 
bably there are many others capable of being ap- 
plied in this way. 
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Cra Pe xX. 


Of the Natural Hiftory of Cochineal. 


Our vallies yield not, or but fparing yield 
The dyers’ gay materials. Only weld, 

Or soot of madder, here, or purple woad, 

By which our naked anceftors obfcur’d 

Their hardy limbs, inwrought with myftic forms 


Like Egypt’s obelifks.’ Dyer. 


HE Cochineal, or Coccus Cacti of Lin- 

nexus, is arranged among the “ Infecta”’ of 
the fifth clafs of that great naturalift ; and in 
the fecond order, comprehending the “ He- 
«© miptera,” (half-winged infects, &c.) The 
body of the male is flender, of a red colour, 
covered by two wines, fpread horizontally, and 
croffing each other a little on the back, ba en- 
abling him to fly or rather flutter. ‘The head 
rs diftinét but fmall, with two arctities flender 
antennz ; the abdomen or tail is terminated by 
two {mal land very long diverging hairs , he has 
fix feet, with which he fometimes jumps like the 
Jacca infect ; and hence Linnzus has applied the 
term ‘¢ faltatoria,’? as one of his diftinguifhing 
characters. The male infects are but feidom 
found among the cochineal fent to Europe. 
The back of the female is hemifpherical, and 
croffed by numerous wrinkles; fhe is of a dark 
reddifh brown colour; her mouth is a fmall tu- 
bular projection from the thorax; fhe is with- 
out wings, but has fix legs; thefe, however, 
only ferve her to remove during a fhort interval 


imi ¥ Ge 
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mnmediately fucceeding her birth; after which 
they become ulelefs, and ceafing to grow from 
inactivity, remain fo fall as to be afterwards 
hardly perceptible, at leaft without a very mi- 
nute infpection. ‘This circumftance probably 
occafioned, and certainly confirmed, the belief 
which prevailed very generally in Europe, dur- 

g a confiderable number of years, that thefe 
infects were vegetable grains or feeds. 


The cochineal is nourifhed, perhaps exclu- 
fively, by fome of the different fpecies of the 
Caéius, or Indian fig, (called by fome the prick- 
ly pear,) a genus of plants, of which Linnzus 
defcribes twenty-five feveral { {fpecies, all origin- 
-ally found in America only ; of very different 
forms, and producing fruits of various colours 

when ripe, according to the fpecies on which 
than refpectively grow; as white, yellow, red, 
crimfon, purple, violet, green, &c. Among 
thefe, the red and crimfon coloured fruits more 
efpecially contain a mucilaginous juice, which 
communicates the colour of “the fruit in a high 
degree to the urine of thofe by whom it is eaten. 
That f{pecies on which the cochineal attains its 
greateft perfection, is denominated Cactus Co- 
chenillifer by Linnaeus. But the infects live na- 
turally, in their wild ftate at leat , on fome of 
the other fpecies, particularly the Cactus tuna, 
c ; Opunti 1 Caétus perefkia; all of 
Caétus cochenillifer, be- 

i which Linnzeus dif- 

comprefiz, articulis 

ned or cor pect with 
he Caétus cochenillifer, 
Spaniards call no- 

pal, 


238 PHILOSOPHY oF 


pal, is alone cultivated for the purpofe of feed 
ing and breeding thefe infects. 


The Spaniards, on thew firft arrival in Mex- 
ico, faw the cochineal employed, as it appears 
to have been long before, by the native inha- 
bitants of that country, in colouring fome parts 
of their habitations, ornaments, &c. and in 
{taining their cotton; and being ftruck with its 
beautiful colour, they gave fome accounts of it 
to the Spanifh miniftry, who in the year 1523 
(as Herrara informs us) ordered Cortes to take 
meafures for multiplying this valuable commo- 
dity ; but as the Spaniards then in America were 
carelefs of every thing but gold and filver, they 
left this object to the induftry of the natives 
only; which, however, from the large fupplies 
foon-after fent to Europe, appears to have been 
fuccefsfully exerted in this refpect. 


For a number of years the inhabitants of Eu- 
rope were generally miftaken refpecting the na- 
ture and origin of cochineal, fuppofing it to be 
grain or feed, as has been already obferved. 
The firft opinion to the contrary was, I be- 
lieve, given by the anonymous author of 
a paper, in the third volume of the Philofo- 
phical Tranfactions, (printed in the year 1668,) 
in which he fuppofes cochineal to be an infect 
“* engendered” by the fruit of the prickly pear ; 
and being a believer of equivocal generation, he 
propofes to employ fermentation as a means of 
engendering and multiplying thefe infects more 
copioully. 

{n the year 1672, a paper written by Lifter. 
was publifhed in’the feventh volume of the Phi- 

lofophica] 
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lofophical Tranfactions, concerning the kermes, 
in which he ‘* conjectures cochineal may be a 
“<< fort of kermes.”’ The feventeenth volume of 
the Tranfactions, publifhed in 1691, contains 
fome obfervations concerning the making of 
cochineal, according to a relation had from an 
old Spaniard at Jamaica, who fays, ‘ cochineal 
is the fame which we call lady bird, alias cow 
lady, which at firft appears like a fmall blif- 
ter or little knob upon the leaves of the 
fhrub on which they breed, and which after- 
wards, by the heat of the fun, becomes a live 
infect as above, or a {mall grub.” 


Early in 1693, Father Plumier. wrote and 
fubfcribed a declaration, which he delivered to 
Pomet, affirming cochineal to be an infect liv- 
ing on the opuntiaor Indian fig, and that he had 
feen it in the ifland of St. Domingo; and de 


Laet had fome little time before defcribed it as 
feeding on the tuna. Pomet, however, mifled 
by the prevailing opinion on this fubject, as well 
as by feveral letters which about that time were 
fent to him from St. Domingo by F. Roufleau, 
adopted the fallacious accounts of this letter- 
writer, (who promifed to fend over to France 
fome of the very plants whofe feeds, as he af- 
ferted, afforded the true cochineal,) and de- 
{cribed this drug as the feed of a plant two or 
three feet high, bearing pods of a conical form, 
in which the cochineal grew naturally. (See 
Fift* Gen* des Drogues, &c.) 


But groundlefs as this accoun 
it obtained fo much credit, that ni 


| Ce 


Pe 
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four years fince, a very eminent dyer of this me- 
tropolis ferioufly told me, that having bought a 
large parcel of cochineal, he actually found 
among it one of thefe conical pods, containing 


cochineal naturally attached to the infide like 
feeds. 


Lewenhoek, however, by his glaffes plainly 
faw that the cochineal was an infect with fix 
legs; and in a letter, read at the Royal Society 
the’ 21ft of March 1704, and publifhed in the 
xxivth volume of the Tranfactions, he pofi- 
tively contradicted all thofe who had reprefented 
it as a vegetable grain; and declared that, by 
diffections, he had invariably found eggs, or 
animalcula, in the fuppofed grains, and often 
to the amount of two hundred in each. He 
alfo reprefents thefe infects as “ not produced 

from worms,” but as * at once bringing 
*¢ forth their like.” 


About the year 1730, Dr. Rutly, then Se- 
cretary of the Royal Society, publi fhed a Na- 
tural H iftory of Cochineal, (in the xxxvith vo- 
lume of the Tranfactions,) from a work on 
this fubje&t by Melchior de la Ruufcher, who 
had procured from Antiquera in New Spain, 
the depofitions of eight perfons, who had been 
actually employed for many years in the breed- 
ing and management of cochineal, and who 
fwore that they were ‘ {mall living animals with 
<< a beak, eyes, feet,” &c. and the originals of 
thefe depofitions, notarially authenticated, were 
\ elaupeaae in the archives of the Royal Society. 

Not long after this, Reaumur, in his Hift* des 
Infectes, 
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ry 


Infectes, and Dr. Brown, in his Hiftory of Ja- 


“ 


maica, defcribed the female cochineal with fuffi-. 


cientaccuracy ; as did Linnzus fome time after, 


from a living female fent to him by Mr, Ro- 
lander from SH in the year 17 56; though | 
neither of thefe naturalifts had ever ent the male 


cochineal, 


About the meats of t the year 1757, Mr. 
John Ellis, F.R.S. hearing that the cochineal 
infect bred in great abundance on the cactus 
Opuntia in South Carolina and Georgia, wrote 
to Dr. Alexander Garden of Charleftown, South 
Carolina, for fome of the joints of that plant, 

with the infects thereon, which were accordingly 
fhe the latter end of ne year, and laid before 
the Royal Society. Thefe fpecimens (fays 
« Mr, Ellis) were fall of the nefts of this in- 
“«¢ fect, in which it appeared 1 in its various ftates, 
“¢ from the moft minute, when it walks about, 
*< to the ftate when it becomes fixed and wrapt 
“© up in a fine web, which it fpins about it- 
te” felt. 


“ Tn order to find out the male fly, (conti- 
nues he,) I examined all the webs in thefe 
fpecimens, befides a large parcel which the 
doétor had fent me picked off from the plants 
in Carolina, and at laft difcovered three or 
four minute dead flies with white wings. 
Thefe I moiftened in weak fpirit of wine, and 
examining them in the microfcope, I difco- 
vered their bodies to be of a bright red co- 
lour, which convinced me of their being the 
true male infect. To be confirmed in my 

R ‘* opinion, 
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opinion, I immediately communicated my 
difcovery to Dr. Garden, which I accompa- 
nied with an exact microfcopical drawing, and 
defired he would fend me fome account of 
their ceconomy, with fome male infeéts of his 
own collecting,” which he did in the fpring 


of the year 1762, accompanied with the follow- 
ing obfervations : 
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“In Auguft 1759, (fays Dr. Garden,) I 
catched a male cochineal fly, and examined 
it in your aquatic microfcope. It is feldom 
a male is met with. I imagine there may be 
one hundred and fifty or two hundred females 
for one male. The male is a very active 
reature, and well made, but flender in com- 
parifon of the females, who, are much larger 
and more fhapelefs, and feemingly lazy, tor- 
pid, and inactive. They appear generally fo 
overgrown, that their eyes and mouth are 
quite funk in their ruge or wrinkles; nay 
their antennz and legs are almoft covered by 
them, and are fo impeded in their motions 
from thefe fwellings about the infertions of 
their legs, that they can fcarce move them, 
much lefs move themfelves, 


‘¢ The male’s head is very diftinét from the 
neck: the neck is much fmaller than the head, 
and much more fo than the body. The thorax 
is elliptical, and fomething larger than the 
head and neck together, and flattifh under- 
neath; from the front there arife two anten- 
nz, (much longer than thofe of the females, ) 
which the infe¢t moves every way very brifk- 


6¢ ly. 
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ly. Thefe antenne are all jointed, and from 
every joint there come out four fhort feta, 


placed two on each fide. 


«¢ It has three jointed legs on each fide, and 
moves very brifkly and. with great fpeed. 
From the extremity of the tail thaws arife two 
long fetz or hairs four or five times the length 
of the infe&. T hey diverge as they lengthen, 
are very flender, and of a pure {now white 
colour. It has two wings, which take their 
rife from the back part of their fhoulders or 
thorax, and lie down horizontally, like the 
wings of the common fly, when the infect is 
walking. They are oblong, rounded at the 
extremity, and become fuddenly fmall near 
the point of infertion. They are much longer 
than the body, and have two long nerves ; 
one runs from the bafis of the wing along the 

external margin, and arches to meet a flender 
one that runs along the under and inner edge. 
They are quite thin, flender, tranfparent; and 
of afnowy whitenefs. The body of the male 
is of a lighter red than the body of the female, 
and not near fo large. 


To Dr. Garden’s defcription, Mr. Ellis, in 
an account of the male and female cochineal in- 
feéts, accompanied with drawings, &c. (in the 
fifty-fecond volume of the Philo fophica al Tranf- 
actions,) adds, that the female hay a remarkable 
probofcis or aw!-fhaped papilla, arifing in the 
midtt of the breaft, which Linnzwus calls the 
roftrum, andthinks it the mouth; <¢ if fo, (fays 

Mr. Ellis,) befides the office of fupplying it 
*¢ with nourifhment during the time of its mov- 

R 2 “ine 
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< ing about, it is the tube through which the 
fine double. filament prenceds with which ip 
<< forms its delicate web, in order, to accommo- 
date itfelf in its torpid ftate, during its preg- 
nancy, till the young ones creep out of its 
body, fhift for themielves, and form a new 
generation. 


« Jn this torpid ftate the legs and antenne 
grow no more, but the animal {wells up to 
‘* an enormous fize,. in proportion to its minute 
“ creeping ftate., The legs, antenne,.and pro- 
bofcis, are fo {mall with refpect to the reft of 
«¢ the body, that they cannot be eafily difco- 
«< vered, without very good eyes or magnify-~ 
«ing glaffes, fo that to an indifferent eye 
« it looks full as much like a berry as an 
“ animal. 


a 
a 


« As foon as the female is delivered of its 
* numerous progeny, it becomes a mere hufk 
«¢ and dies; fo that great care is taken in Mex- 
‘© ico, where it is principally collected, to kill 
« the old ones while big with young, to prevent 
tiie young ones efcaping into life, and depriv- 
«ing them of iy beautiful fcarlet dye, fo much 
« efteemed by all the world.” 


It is proper here to obferve, that there are two 
forts or varieties of cochineal ; the beft or do- 
mefticated, which the Spaniards denominate 
grana fina, or fine grain; and the wild, which 
they call grana fylvefira. The former is nearly 
twice as la: rge asthe latter, probably becaufe its 
nature has been improved by the favourable ef- 
feéts of human care, and of a more fuitable 

nourifhment, 
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nourifhment, derived folely from the caétus 
cochenillifer during many generations. But it 
is only from the wild cochineal, living naturally 
on fome of the opuntie, in different parts of 
America, that the def cfcriptions of Grows. Lin- 
nus, and Ellis, were taken. It mutt alfo be 
obferved, that the grana fylveftra are not only 
fmaller than the others, but that their bodies are 
covered by very fine white downy filaments, which 
they fpin to defend themfelves againft cold, rain, 
&c. in their wild ftate ; but wh ich adding to their 
weight, whilft it yrelds no colour, contributes with 
other caufes to render them lefs valuable, 


In the month of January 1777, Monf. Thiery 
de Menonville left Port au Prince, in the ifland 
of St. Domingo, for the purpofe of procuring 
fome of the living cochineal infe&ts in Mexico, 
and bringing them from thence, to be after wards 
propagated in the French W eft-India iflands : 
an enterprize, for the expence of which four 
thoufand livres had been allotted by the govern- 
ment. He proceeded by the Havannah to La 
Vera Cruz, where he was informed that the 
fineft cochineal infects were produced at Guax- 
aca, diftant about feventy leagues. Pretending ill 
health, he obtained permiffion to ufe the baths 
of the river Magdalen; but inftead of going 
thither, he proceeded through various diffi- 
culties and dangers, as faft as pottible, to Guax- 
aca, where, after m: aking his obfervations, and 
obtaining the requifite informations, he affected 
to believe that the cochineal infects were highly 
ufeful in compofing an ointment for his pre- 
tended diforder (the gout), and therefore pur- 

R 3 chafed 
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chafed.a quantity of nopals, covered with thefe 
infeéts, of the fine or domeitic breed, and put- 
ting them into boxes with other plants, for their 
better conce: iment, he found means to get them 
away as botanic trifles, unworthy of notice; and 
being afterwards driven by a violent ftorm into 
the bay of Campeachy, he there found and 

dded to his collection a living cactus, of a fpe- 


cies which was capable of nourifhing the fine 
domefticated cochineal; after which, departing 
for St, Domingo, he arrived fafe, with all his 
acquifitions, on the 25th of September, (in the 


fame year,) at Port au Prince, where he began 
immediately to form a plantation of nopals, and 
to take fleps for propagating the two forts or 
varieties of cochineal, | mean the domefticated 
or fine, and the Li or wild, which laft he 
found at St. Domingo, {oon after his return, liv- 
jng naturally on the cactus perefkia, But un- 
fortunately for this eftablifhment, he died in the 
year 780; through difappointment and vex- 
a ‘ton, at feeing his. pati riotic endeavours fo little 

fitted, and his fervices fo fparingly rewarded 
by the government. Mr. bit a de Menon- 
ville’s labours being thus terminated, the Royal 
Society of Arts and Sciences at Pegs Francots, 
having collected his papers, compofed from 
them a treatife on the cultivation of the 10pals, 


and the breeding of cochineal, &c. of which 
Mr. Berthollet has given an extract in "abe fifth, 
volume of the Annales de Chymie, together 


with an account of his awn experiments, Tot af- 
certaining the effects of che grana fylveftra, pro- 
duced at St. Domingo, compared with thofe 
from Mexico in dying, 


From 
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From the obfervations of Mr. Thiery de Me- 
nonville, it appears that there are two varieties 
of the nopal, or cactus cochenillifer, growing 
in Mexico, one called the True Nopal of the 
Garden of Mexico, and the other the Caftilian 
Nopal, a name given to the laft of thefe varieties 
on account of its fingular beauty. It appears 
alfo that the wild cochineal, or grana fylveftra, 
when reared upon either of thefe varieties of the 
nopal, become .almoft as large as the fine or 
domefticated fort, and lofe the greateft part of 
thofe fine downy filaments with which they are 
naturally covered, and which contribute to ren- 
der them lefs valuable than the latter, 


But befides the advantage of affording the 
moft fuitable nourifhment to cochineal, the no- 
pals have another of very great importance, 
where thefe infects are to be raifed as objects of 


commerce; which is, that they are not befet 
with thorns or prickles, like moft of the caéti, 
and particularly the opuntia, tuna, and perefkia, 
which by this circumftance render the infeéts 
nourifhed upon them almoft inacceffible to any 
who might wifh to colle& them: Whilft the 
true nopal, and that of Caftile, have none but 
foft inoffenfive thorns, and the nourifhment 
which they afford is at the fame time fo pecu- 
liarly well fuited to the cochineal, and efpecially 
to the fine or domefticated fort, that thefe laft, 
though they can fubfift on fome, will profper on no 
other fpecies of cactus ; and indeed the wild fort, 
though found naturally upon feveral other fpecies 
of opuntia, are at prefent raifed chiefly on the no- 
pals in Mexico. ‘The young infects, whilft con- 
tained within the mother, appear to be all con- 
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ed one after the other by an umbilical cord 
to. a common placenta, and in this order 
they are in due time brought forth as liv- 
ing animals, after breaking the membrane, 
in which they were at firft probably contained 
as egos. Being thus brought forth, they re- 
main in a clufter under the mother’s bell 
fer two or three days, until difengaged from 
the umbilical cord; after which the. females, 
for the only time of their lives, exercife their 
loco-motive faculties, by creeping to proper 
fituations on the plant; and in doing this they 
are led by a wife inftiné&, to prefer the under- 
fides of the different branches or’ articula- 
tions, (as being moft defended from wind and 
rain;) where each attaches herfelf, by inferting 
her little tubular probofcis Or mouth into the 
bark, and thus remains fixed to the end of life. 
By this infertion the female draws out for her 
nourifhment the colourlefs mucilaginous juice 
of the nopal,. and foon becomes covered witha 
fine adhefive downy fubftance. The male ac- 
‘quires a fimilar covering, but quits it at the end 
of a month, and in the fhape of a little fcarlet 
fly, } jomps and flutters about for the purpofe of 
copulation ; and having thereby fecured a future 
progeny, he dies almoft immediately after. But 
the female having other duties to perform, out- 
fives the male another month; at the end of 
‘which Au is ready to bring forth her young, and 
this is the precife time for “gathering thofe which 
are not wanted for breeding, and this is done by 
Oe the dull blade of a knife between the 
ider furface of a branch of the nopal, and the 
i ifters of infects attached to it, which being 
thereby feparated,. fall upon cloths previoufly 
he {pread 
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fpread on the ground to receive them, and a fuf- 
ficient quantity being thus collected, they are 
dipped (inclof fed in a linen cloth or bag) into 
boiling water, and fuffered to remain in it fo 
long as is neceffary for killing them, but no 
longer, leaft the water fhould “extraét fome of 
their colour. This being done, they are tho- 
roughly dried by fpreading and expofing them 
to the rays of the fun, by which they fhrink fo 
as generally to lofe about two-thirds of their 
former weight. This, which has been found to 
be the beft method of drying the cochineal, is 
now generally practifed, though others were for- 
merly in ufe; fuch as ovens, flat baking {tones 


heated, &c. 


Mr. Thiery de Menonville defcribes the male 
of the domefticated or fine cochineal as_per- 
fectly fimilar to that of the wild in every refped, 
excepting its fize; nor does there apRC to be 
any confiderable difference between the females 
of thefe two varieties. The domefticated fe- 
male, inftead of that downy covering which en- 
ables the wild to bear inclement feafons, is only 
covered by a fine white powder or farina, ferv- 
ing in fome Beers as a defence againft rain and 
cold, but not enough to enable her to remain 
abroad like the wild infeéts during the rainy fea- 
fons, which occur twice in every year. When 
thefe approach, the domefticated infects are all 
gathered, excepting only thofe intended for 
breeding a future ftock, and thefe are preferved 
by removing the nopals on which they are placed 
into fituations where they are fecured from wind 

and rain, or by raifing frames over them, and 
covering them with ‘thatch or matting, until 
the 
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the return of favourable weather; whereas the 
wild infects, being more hardy, as well as more 
rolific, when once placed upon the nopals, 
would not only perpetuate, but multiply them- 
felves without any farther care to fuch a degree, 
as to exhauft and Aetiro' the plants, were “they 
not all collected at the end of every two months, 
and the _nopals perfectly cleanfed (by wiping 
them with wetted clot sat from the down and 
other animal Impuriti s left on théir branches. 
T he nopals become fit to nourifh the cochineal 
at the end of Es haeeh months from the time 
they were plante: i The quanti ity of fice or do- 
mefticated cochineal which a fir nele nopal can 
nourifh, ufually weighs a third more than tt 
could nourifh of the wild, Thefe laft have alfo 
the difadvantage of felling fora much lefs price, 
but in return HOC are gathered fix times in each 
year, whilit the fine yield but three crops in the 
fame peers their propagation being wholly fuf- 
pended during the rainy feafons. 


In Mexico it is thought neceflary to keep the 
two forts or varieties of cochineal feparated, at 
the diftance of about one hundred perches from 
each other, left the males of the wild, impreg- 
nating the females of the other fort, fhould oc- 
cafion a degeneration thereof; a circurnttahte 
which feems to indicate that both forts origin- 
ated. from the fame flock, and that the domefti- 
cated 1s only an amelioration of the wild cochi- 
neal, through the favourable effects of a more 
fuitable nourifhment, and of warm covering ; 
and this is rendered the more probable, by Mr, 
Thiery de Menonville’s abfervation, that the 
former are never found in the fields or forefts of 

4 Mexico, 


PERMANENT COLOURS, &c. 251 


Mexico, nor indeed any where, but in the gar- 
dens and plantations of thofe employed in rear- 
ing them. But if the prefent fize, appearance, 
and habits, of the domeftic cochineal, were 
thofe which naturally belong to the infect, it 
might be fuppofed capable of maintaining an 
independent exiftence, remote from the dwell- 
ings, and without the help of mankind, as it 
mutt have done before its properties were fo 
well known, as to render it an object of human 
care and protection; and in that cafe, fome of 
this fort of cochineal doubtlefs would have con- 
tinued to fubfit in their natural ftate, fince the 
whole of a race, compofed of fo many minute 
individuals, could not have been taken and 
brought under the protection and dominion of 
man. Nor is it eafy to explain why none of 
them ever are found in a wild ftate, but by fup- 
pofing them to have been rendered effeminate 
by luxurious food, and by protection from in- 
clement weather; and that confequently they 
have been enabled to lay afide their natural 
downy cloathing, as fheep lay afide their wool, 
when, after being removed to warm climates, 
they find it no longer neceffary ; and that their 
atural habits and means of felf-prefervation 
being loft, they are rendered incapable of fub- 
fifting without a continuance of the fame fofter- 
ing care which firft oceafioned their effeminacy ; 
or if they ever do find means to fubfift without 
it, they do fo only by regaining their natural 
downy covering, and by returning again to their 
primitive habits, fo as not to be any longer dif- 
tinguifhable from thofe who were never out of 

the wild ftate, 
After 
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After the death of Mr. Thiery de ‘Menon- 
ville, the ftock of fine or domefticated cochi- 
neal, which he had multiplied in the garden at 
Port au Prince, was faffered to perith by ne- 
elect ; but the hardier wild fort, having found 
means to fubfift, though neglected, was after- 
wards taken under the care of Mr. Bruley, (fub- 
ftitute of the attorney-general of that province,) 
who, from the remains of Mr. de Menonville’s 
eftablifhment, formed a plantation for propa- 
gating and n alia be 1g thefe infects, of which 
he fent a oe derab equa antity, in the year 1787, 
to the minifter of hal French marine at Paris, 
at whofe 1 mea vit the Royal Academy of Sci- 
ences -commiffioned Mr. Berthollet, and three 
others of its nbs to caufe proper experi- 
ments to be made therewith, which they accord- 
ingly did, under their own infpection, at the 
celebrated eftablifhment (for fearlet dying) of 
the Gobelines near Paris; and from thefe expe- 
riments it appeared, that the grana fylveftra of 
St. Domingo afforded colours by dying exactly 
fimilar to thofe of the Spamfh fine cochineal, 
allowing only after the rate of twelve ounces of 
the former for five of the latter. Mr. Bruley 
fome time after fent to France a fecond parcel 
of the fame cochineal, .produced from his plan- 
ration in the year 1788; and this being tried by 
the famé commiffaries of the Royal Academy, 
though in different ways, produced nearly the 
fame effects, 


Very confiderable differences of external co- 
Jour or appearance occur in different parcels of 
the fine cochineal ; probably becaufe the white 

farina~ 
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farinaceous powder. with which thefe infects are 


naturally covered, is more or lefs wafhed off by 
the hot water in which they are killed by im- 
merfion, as well as by other circumftances which 
occur in the drying and packing. When this 
powder has been intirely removed, the infects 
appear of a chocolate colour, inclining a little 
to the purple, and are then called renigrida. 
Generally, however, fo much of the white pow- 
der remains, efpecially in the little furrows. which 
crofs the infect’s back, as occafions a grayifh 
appearance, called jafpeada; and fometimes in- 
deed this powder fo perfectly covers the cochi- 
neal, as to render them all over white. This I 
remember to have been particularly the cafe of 
a parcel which a friend of mine had purchafed, 
and which was refufed by feveral dyers to whom 
it had been fent, from a perfu; tafion of its hav- 
ing been fraudulently. covered by white lead, or 
forme other metallic calx intermixed. with it, to 
increafe the weight; and one very eminent dyer 
alleged, that he had formerly feen and tried a 
fimi ilar parcel, and that the white powder had 
und to confift prince ey of a preparation 

f mercury. That I: might be enabled to af- 

certain whether an opinion fo unlikely had any 
foundation, my friend caufed feveral ounces of 
this powder to bs feparated from the infects by 
fifting; and pay ing tried it fufficiently, I found 
it to be intirel Wee of an animal nature, and appa- 
rently nothing but the farina which naturally 
covers thefe infects. It even yielded a confider- 
able persian of the true cochineal colour, and 
the ufual way, though it 
affitted by fome of the limbs or 
bodies of the infects, fepa- 


rated 
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rated by rubbing in the fieve: though I am per- 
fuaded that a part of the colour in queftion na- 
turally exifted in the farina or white powder it- 
felf; and if this be the cafe, it would be highly 
advantageous to contrive means for killing the 
cochineal, without wafhing off any part of the 
powder in queftion, which might, I think, be 
done by putting them into tinned veffels, made 
fo as to fhut clofely, which might be plunged 
into boiling water, and withdrawn at a proper 
time, without letting a fingle drop of it come 
into contact with the infects, or carrying off any 
of the powder in queftion. And perhaps this 
method might be ufed with advantage, even if 
it fhould be found that no colouring matter re- 
fides in the white powder, fince it is difficult to 
conceive that the cochineal can be plunged into 
boiling water, fo as to wafh away the powder in- 
tirely, (as is frequently done,) without a lofs of 
fome part of the colouring matter-contained in 
the bodies of the infeéts themfelves. 


The true original grana fylveftra feem to have 
been very different from what is at prefent fold 
under that denomination in this kingdom, and 
which has the appearance of a dry powder, with 
many fmall lumps or fragments of fomething 
which had been previoufly formed into a cake 
or a dried uniform mafs. Ie affords tndeed 
nearly the fame fpecies of colour as cochineal, 
but in amuch f{maller proportion; fix pounds 
being neceffary, according to my experiments, 
to dye as much cloth as one pound of the 
fine cochineal; whereas the true grana {fyl- 
veftra are reprefented as yielding at leaft half as 
much as the fine, and they fell for at leaft half the 

price 
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price in fome parts of Europe; whilft here the fub- 
{tance fo called, and which fiak not the leaft appear- 
ance of any infect, fells at prefent for lefs than 
an eighth of the price of fine cochineal. Pro- 
bably it 1s compoted of the white downy fub- 
ftance which the wild infects are reprefented as 
leaving in great abundance on the nopals, and 
of other excrementitious matters depofited by 
them, joined to fragments, broken limbs, duft, 
&c. of the infects themfelves, and perhaps with 
an addition of fome vegetable matters, all beat. 
up into one uniform mafs. Something of this 
fort was formerly praétifed even with the true 
cochineal, according to Dr. Brown, who fays, 
“© the cochineal infeéts ufed to be prepared by 
pounding them, and keeping the pulp in the 
decoction of the texuatla, (a fpecies of me- 
laftoma, as he fuppofes,) or that of fome 
other plants, which they obferved to heighten 
the colour. This, continues Dr. Brown, was 
left to fettle at leifure, and afterwards made 
into cakes and dried for the market.” FPro- 
bably the true grana fylveftra are what are fold in 
this country under the name of Granillo, which 
appears, as the name indeed imports, to confilt 
of infects fomewhat {maller than thofe compof- 
ing the fine cochineal, and therefore in that re- 
{pect anfwers to the beft authenticated defcrip- 
tions of the wild cochineal. 


It had been generally believed that the co- 
chineal de rived its colour from the red or crim- 
fon fruit of the nopals, and other fpecies of 
opuntiz; and I was formerly induced by this 
opinion to make various trials with the fruit of 
the cactus opunctia for dying, inftead of cochi- 

neal. 
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neal. They all indeed proved unfuccefsful; and 
I attributed this want of fuccefs to their want of 
that kind of animalization, which the vegetable 
red colour was fuppofed to receive when eaten 
and affimilated by the infeét; and I thought it 
probable, as indeed others have done, that many 
vegetable colouring matters might be equally 
improved in the fame way, and that perhaps, 
inftead of infects, it might be advantageous to 
employ large animals for this purpofe*. It is, 
however, now certain, from the obfervations of 
Mr. Thiery de Menonville, and from other well- 
attefted relations, that the cochineal infects do 
not feed on the red fruit of the cactus, but upon 
its branches or articulations to which they ad- 
here, and which contain nothing like a red 
juice ; and that they fometimes live, propagate, 
and preferve their colour on thofe fpecies of 
cactus which do not bear red-coloured fruits : 


* Dr. Garden relates, that a negro woman in South Ca- 
rolina, who then gave fuck, having eaten fix of the red 
fruit of the prickly pear, (Caétus Opuntia,) and fome of 
her milk being collected and left until the cream had fepa- 
rated, this laft was found to be of a reddith colour, confi- 
derably weaker indeed than the lively red which the urine 
was found to acquire by the fame fruit. He found alfo, that 
after cows had been feeding in an indigo field, not only their 
urine, but the cream of their milk, «* was of a moft beau- 
*€ tiful blue colour ;’? from whence he concludes, that the 
indigo blue colour refides in the oily part of the plant. See 
Philofoph. Tranf. vol. 50. p. 26g.—And in the third vol. of 
the fame Tranfactions, mention is made of a berry growing 
in Bermudas, and called the «* Summer Ifland Red-weed, 
«‘ which berry is as red as the prickly pear, and giving 

much the like tinéture ; out of which berry cometh out 

firft worms, which afterwards turn into flies, (fomewhat 

bigger than the cochineal fly,) feeding on the fame. 

berry, in which there hath been found a colour no whit 
* inferior to the cochineal fly.’’ 


confes 
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confequently the colour of thefe infects does not 
refult from that of their food, but from their par- 
ticular conftitution and properties. 


The very great demand for cochineal, almoft 
immediately after it had been made known in 
Europe, caufed a very rapid multiplication of it 
in the Spanifh American fettlements. It ap- 
pears from Acofta’s ftatement, that fo early as 
the year 1587, there came to Spain, by a fingle 
flota, no lefs than 5670 arobas of fine cochineal, 
which, at the rate of 25]b. each, weighed 
141,750 pounds; and the common annual im- 
portation, as ftated fome years fince by the 
Abbé Raynal, amounted to 4000 quintals, or 
400,000lb. weight of the'fine cochineal, 300 quin- 
tals of the grana fylveftra, 200 ditto of granillo, 
and 100 of cochineal duft, which were computed 
‘to have fold for a fum equivalent to about nine 
millions of French livres; without reckoning 
confiderable quantities fent directly from Ame- 
rica to the Philippine iflands, for fupplying a 
confiderable part of Afia. The European im- 
portations have, however, been confiderably in- 
creafed, during feveral of the laft years. Since, 
according to very good information, which I 
have received, the quantities of fine cochineal 
brought to Spain in the years 1788, 1789, 
and 1790, amounted to eleven thoufand bags, 
weighing 200]b. each, and making together 
2,200,000]b. weight; and between the 1ft of 
January 1791, and the ift of Oober in the 
fame year, the importations had exceeded 2900 
bags, 


It 
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It muft, however, be obferved, that the im- 
portations during thefe years were fomewhat 
greater than ufual, becaufe an advance in the 
price of cochineal in Europe had induced the 
holders of it in America to fend their ftocks 
more fpeedil ly to market, in order to avail them- 
felves of the higher prices ; ; and, from accurate 
calculations, I think it may be concluded, that 
the average quantity of fine cochineal annually 
confumed in. Europe amounts to about three 
thoufand bags, or 600,000]b. weight, of which 
about 1200 bags, or 240,000]b. weight, may 
be confidered as the prefent annual confumption 
of Great Britain, A greater quantity comes in- 
deed into the kingdom, but the furplus is again 
exported to other countries. Thefe 1200 bags 
may be fuppofed to coft 180,0001. fterling, va- 
lued at 1gs, per lb. which has been, about the 
average price for fome years paft. According 
to Don Antonio Ulloa, the greateft quantities 
of cochineal are produced at Oaxaca, Tlafcala, 
Chulula, Neuva Gallicia, and Chiapa, in New 
Spain, and at Hambatio, Loja, and Tucuman, 
in Peru. 


About fix years ago Dr. James Anderfon, 
phyfician- general on the company’s eftablifhment 
at, Madras, perfuaded himfelf that he had found 
the true cochineal infects fubGifting naturally on 
a fpecies of falt grafs in that partof India; and 
fome parcels of, a dried infeét, probably. of the 
coccus kind, (but more like the kermes,) which 
he miftook for the true coccus cacti, were fent by 
him to this country ; of which I made feveral 
trials, at the requeft of a friend, (as others alfo 

did,} 
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did,) and found them to be neither of the ‘fame 
fpecies, nor poffeffed in any degree of that par- 
ticular colouring matter for which the cochineal 
infect is fo highly valued; though in their dried 
{tate they had nearly the fame external appear- 
ance, excepting their fize, which was confiderably 
lefs than that of the true Mexican cochineal ; but 
upon rubbing them in a mortar, I foon per- 
ceived, that inftead of breaking into a dry 
powder like cochineal, they could only be beat 
into a kind of unétuous pafte; nor would any 
degree of drying, fhort of combuftion, over- 
come this unctuous quality, or render them ca- 
pable of being rubbed into the form of a pow- 
der; and in point of colour there was a more 
effential difference, fince they produced nothing 
better than a chocolate brown, by the means 
ufually employed for dying fcarlet with cochi- 
neal, nor indeed by any other means. This 


chocolate colour proved indeed fufficiently dura- 
ble on wool, but it may be dyed fo cheaply by 
other matters, and indeed thefe infeéts yielded 
fo little of it, that they never can be worth col- 
kecting as a dying drug *. 


It occurred to me, however, on this occafion, 
that though Dr. Anderfon had failed in his ex- 
pectation of finding the cochineal in a country 


* The Company, in their letter of the 31itof July 1787, 
to the government of Madras, were pleafed, from very lau- 
dable motives, to direct, that every further purfuit refpeét- 
ing this fpecies of infeéts “* fhould be effectually difcourag- 
“* ed,”’ becaufe ““ were it to fall into the hands of improper 
**.perfons, it might be made ufe of to mix with and adal- 
‘* terate the real cochineal, to the great injury of the con- 
«© fumer, as it would moft affuredly {poil the beauty of every 
«* fcarlet done therewith.’’ 

om where 
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where it probably never exifted, (the genus of 
plants on which it is alone fitted and deftined to 
live having been originally produced only in 
America,) yet it would not be very difficult to 
convey both the infects, and the cactus coche- 
nillifer (their natural food and habitation) to the 
Eaft Indies, and there propagate both, fo as in 
a few years to obtain from thence ample fupplies 
of a drug fo highly important in a great ma- 
nufacturing country, and for which nearly 
200,000]. fterling are annually paid by this to 
the Spanifh nation, efpecially as great advan- 
tages in this refpect would refult from the cheap- 
nefs of labour and fubfiftence in the Eaft In- 
dies; and confidering moreover how much the 
quality of the indigo of that country had been 
improved, and the quantity increafed within 
a few years, through the meafures taken fo 
opportunely for thefe purpofes by the Eaft-India 


Company, at a time when the ufual fupplies of 
that article from other countries had been greatly 
diminifhed. 


Similar ideas on this fubjeét occurred, or were 
fuggefted, to the Direétors of the Eaft-India 
Company, who in the fpring of the year 1788 
procured from his majetty’s botanic garden at 
Kew (through Sir J. Banks, Bart. P. R.S.), 
fome of the true nopal plants, two of which 
were fent out by the Bridgwater, during that 
feafon, to Madras, and put under the care of 
Dr. Anderfon, where they have fince been mul- 
tiplied to feveral thoufands, and been tranf- 
planted from thence to Bengal and St. Helena, 
in order that a fufficient ftock might be in rea- 
dinefs to receive any cochineal infects which 

fhould 
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fhould arrive; a committee of the Direé¢tors 
having previoufly reported as ‘* their opinion, 
‘© that it be recommended to the Committee of 
Correfpondence to take fuch meafures as they 
they fhall judge beft fuited for procuring 
from America a quantity of the cochineal 
infect, with a view to the introduétion of the 
fame upon the coaft of Coromandel.” Un- 
fortunately, however, it does not appear that 
any meafures have yet been effectual in procur- 
ing the domefticated infect, or even the fyl- 
veftra, though this laft exifts in Jamaica, (as 
does the true nopal,) and in many other accef- 
fible parts of America, and probably in more 
than ordinary perfection in Brazil; at leaft I 
made trial about the year 1787 of fome which 
had been fent from thence by the way of Lif- 
bon, and which yielded fu// as much colour, 
and of as much beauty, as half its weight of 
the very deft fine cochineal; and until this laft 
can be obtained, would it not be advifable to 
make trial of the other, which, by being pro- 
perly nurfed, and nourifhed upon the true 
nopals, might perhaps in a little time improve 
fo as to fuperfede the neceffity of feeking any 
farther ? 
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Of the Properties and Ujes of Cochineal; with 
an Account of new Obfervations and Experi- 
ments calculated to improve the Scarlet Dye. 


«* Le travail a été mien, le profit en foit au leCteur.”’ 
Jean Rey. 


N the Englifh tranflation of Clavigero’s Hif- 
tory of Mexico, the ancient inhabitants of 
that country are faid to have obtained a purple 
colour from cochineal. Probably, however, 
either the author or tranflator of that work has 
miftaken purple for crimfon; this laft being 
the zatura/l colour of cochineai, and what it al- 
ways affords with the aluminous bafis, which 
Clavigero, in another part of his hiftory, fays, 
the Mexicans had been ufed to employ in early 
times; though it certainly is difficult to under- 
ftand how they could have become acquainted 
with it. This account moreover accords with 
that of Herrara, who, after mentioning the 
Tuna or Nopal of Tlaxcalla, fays, « Optimum 
s longé granum dat Tlaxcallum cujus indigena 
«* preftantifimam tinéturam ex illo confictunt, 
hoc modo, comminuunt & macerant in de- 
cocto aluminis, & ubi refederit, cogunt in ta- 
bellas, quas Hifpani vocant graua en pan.” 


There is alfo reafon to conclude, that during 

a number of years none but the aluminous bafis 
was ufed for dying with cochineal in Europe, 
until 
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until an opportunity had been accidentally af- 
forded to Kufter, Kuffler, or Kepfler, a Ger- 
man chymift, of feeing the wonderful effects of 
a folution of tin, by nitric acid, in exalting the 
colour of this drug, which led to a difcovery of 
that moft vivid of colours, the cochineal {carlet. 
Kufter brought his fecret to London about the 
year 1543, and the firit eftablifhment for car- 
rying it into practice feems to have been made 
at Bow, from whence fcarlet was called the Bow 


dye in this country. Some writers, and among 


them Mr. Macquer, have afcribed this difcovery 
to Drebel, a Dutch chymift*; but Kunckel, 
and others, who haye attributed it to Kutter, 
appear to have done it on better grounds, Pro- 
bably Drebel obtained a knowledge of it very 


* Mr. Macquer, in a Memoire, printed among thofe of 
the Academy of Sciences of Paris for 1768, fays, ‘* Dre- 
«© bel, chimifte Hollandois, a imaginé d’employer dans la 
+* ae d henille, de la diffolution d’etain faite 

teinture de cochenille, de la diffolution d’etain faite par 
«© Peau regale, & des lors on a obtenu le plus vif & le plus 

celatant de tous les rouges dont |’art, & meme la nature 
nous ait donné l’idée; je veux dire l’ecarlate couleur de 
feu, quia porté d’abord le nom @’ecarlate de Hollande, 

' parceque c’eft dans ce pays que les premieres manufac- 
tures ont été etablies,’’ &c. 


Mr. Macquer feems alfo miftaken in fuppofing that thé 
firft folutions of tin employed in this way were nitro-muri- 
atic, or made with aqua regia, there being very good rea- 
fon to believe, that agua-fortis alone was ufed for fome years 
for this purpofe. 


Mr; Delaval inclines to carry the firft ufe of tin for dying, 
back to very remote antiquity ; and thinks the Phenicians 
ufed that which they were {aid to have brought from Britain 
in this way, becaufe (as he erroneoufly afferts) ** this is 
«* neceflary to the production of red colours, whether from 
** animal or vegetable materials.’? See Experimental En- 
quiry, &c. 

S 4 foon 
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foon after the difcovery was made, and that in 
confequence thereof fcarlet dying was very early 
practifed in Holland; as it was alfo in krance, 
by the famous Gobelins, who receive Ce 
count of the procefs from Kloeck, a Flemith 
painter, to whom it had been communicated by 


Kufter himfelf. As the name of fcarlet had, 
until that time, been invariably given to the fine 
reds dyed with kermes, the frery cochineal co- 
Jour, which in England was diftinguifhed as the 
Bow dye, obtained in other parts of Europe the 
name of Dutch Scarlet, Scarlet of the Gobe- 
lins, &c. 


It has been generally fuppofed, that after the 
effects of tin upon the cochineal colour had been 
difcovered, as before mentioned, nothing more 
was wanting to produce what is at prefent called 
{carlet, than to apply the colour fo produced as 
a dye to wool; or, in other words, that a 
nitric, or nitro-muriatic folution of tin, was 
fufficient to change the natural crimfon of co- 
chineal to a fcarlet. Such at leaft has been the 
opinion of every writer on the fubje& until the 
prefent hour; though it will hereafter be proved 
to have been an erroneous opinion, and that the 
nitric folution of tin invariably produces (with 
cochineal) a crimfon or rofe colour, and not a 
(carlet, unlefs other means be alfo employed to 
incline the cochineal colour fo far as may be 
neceflary towards the yellow hue; and the 
means of doing this feem to have been ftum- 
bled upon, and waeiqoiaucys employed without any 
knowledge of their true effect. I have already 
mentioned that tartar is, and for many ages ap- 
pears to have been, generally employed with 

alum, 
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alum, to compofe the ordinary boiling liquor or 
mordant for woollen cloths; and it feems pro- 
bable, that when the firft attempts were made 
to employ the folution of tin, inftead of alum, 
it would naturally have been imagined, that as 
tartar had been found ufeful with the latter, it 
mutt alfo produce good effects with the former, 
and that a trial of it having been thus produced, 
and the moft brilliant of all colours having been 
found to refult from this combination of tartar 
with the folution of tin, their joint ufe was af- 
terwards continued, without any inquiry con- 
cerning the particular fhare which either of them 
had in producing fuch pleafing effects. 


At firft indeed a diluted nitric acid appears to 
have been employed for diffolving the tin with- 
out any admixture of the muriatic; but as the 
former would have held but a fmall portion of 
the calx of that metal in a ftate of fufpenfion, 
and as even that portion would have been liable 
to precipitate in a few days, the practice of add- 
ing either a little fal-ammoniac, or a little fea 
falt, to the aqua-fortis, and of thereby produc- 
ing an aqua‘ regia, or nitro-muriatic acid, feems 
to have been introduced, though it did not be- 
come general until a confiderable time after ; 
fince Hellot gives an account of the procefs ufed 
in his time for dying fcarlet at Carcaffonne, in 
which tin was diffolved only by diluted aqua- 
fortis ; and he mentions the late Mr. Baron, as 
claiming the merit of having been the firft in 
that city who employed an aqua regia for dif- 
folving tin, iz order to prevent a precipitation of 
its calx or oxide; and even when this was done, 
the fal ammoniac and fea falt were added but 

very 
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very fpatingly, from a belief, which ftill fubfitts 
univerfally, that a more liberal ufe of either of 
them in this way, or of the muriatic acid ia 
their ftead, would render the cochineal colour a 
crimfon inftead of the fcarlet, which laft is fup- 
pofed to be a peculiar production of the nitrate 
of tin; though nothing can be more groundlefs 
than this belief; fince the nitrate, and the mu- 
riate of tin, both egully afford a crimfon co- 
jour with cochineal, and neither affords a fcarlet 
without the aid of other means. 


The dyers’ ordinary folution of tin is made 
with that. fpecies of nitric acid, called fingle 
aqua-fortis, and which, as ufually prepared, is 
capable of diffolving about one-eighth of its 
weight of tin, grained or granulated, by pour- 
ing it, when melted, into water, brifkly agi- 
tated with a bundle of rods, or by other fuitable 


means. 


For each pound of aqua-fortis, it is ufual to 
add after the rate of from one to two ounces of 
fea falt, though fome prefer the muriate of am- 
moniac (fal ammoniac) for this purpofe. <A 
little water is moreover commonly added, in 
order ftill farther to dilute the acid, and mode- 
rate its action on the tin. Thofe folutions of it 
which were made moft flowly, and with the 
leaft feparation of fumes or vapours, have 
been found to fucceed the beft; probably be- 
caufe in thefe the tin is lefs calcined, and the 
folution retains a larger portion of azote than in 
thofe which proceed more rapidly. It is ufual 
to allot after the rate of two ounces of grained 
tin to every pound of aqua-fortis; and the me- 

tal 
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tal fhould be put into it at different times, wait- 
ing until one part is nearly diffolved, before an- 
other is added, left too much heat fhould be 
evolved, and the folution proceed too rapidly ; 
though there is no danger of this, in the latter 
part of the procefs, which indeed fhould be pro- 
tracted fo as to laft two or three days. ‘The 
water mixed with the aqua-fortis fhould be af- 
certained by weighing or meafuring, in order 
that a proper allowance may be made for it in 
calculating the ftrength of the folution, or the 
weight of metal contained in a given quantity 
thereof, which, fuppofing half as much water 
as of aqua-fortis to have been ufed, will be about 
one-thirteenth part of the whole; and when the 
folution (which the dyers in this country gene- 
rally call /pirit,) has been made in thefe pro- 
portions, about eighteen or twenty pounds of it 
will be wanted to dye a full cochineal {carlet, 
upon one hundred pounds weight of woollen 
cloth, though but little more than half of this 
quantity is ufually employed in the firft prepa- 
ration, or boiling part of the procefs ; for which, 
fuppofing one hundred pounds weight of cloth 
are intended to be died, eight or ten pounds of 
tartar or argol are put into a fuitable dying vef- 
fel, (of pure block tin,) with a fufficient quan- 
tity of clean foft water *, and fix or eight ounces 
of powdered cochineal. Immediately after this, 
ten or twelve pounds of the folution of tin, pre- 
pared as before mentioned, are to be added; 
and when the mixture is nearly ready to boil, 


* Hard water tends to produce a rofe colour, which the 
dyers commonly endeavour to obviate, by boiling bran or 
fiarch in their water, 


the 
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the cloth being firft thoroughly moiftened, (that 
the dye may penetrate and apply itfelf equally 
thereto, ) is put into the dying liquor, and turned 
through it (by the winch) a few times very 
quickly at firft, and afterwards more flowly, 
whilft the liquor continues to boil, for the fpace 
of an hour and a half or more, after which it is 
to be taken out, and rinced in clean water. By 
this firft boiling or preparation, the cloth will 
have acquired a flefh colour. For the /econd, 
or dying procefs, the tin veffel is replenifhed 
with clean water, and when this appears almoft 
ready to boil, five, or if a full colour be want- 
ed, fix pounds of cochineal in powder are to be 
put into it, and well mixed, by ftirring for a few 
minutes; after which, the remaining part of 
the folution of tin is to be added, and the whole 
being well ftirred, the cloth is to be put into the 
liquor, and turned very dri/kly through it, over 
the winch, for a little time, in order that both 
ends may receive an equal portion of the dye; 
after which it may be turned more flowly for the 
fpace of half an hour, or until the dying liquor 
becomes exhaufted, when the cloth is to be taken 
out, aired, and rinced. 


An ounce of fine cochineal is generally deem- 
ed neceffary for dying a pound of cloth; but 
fornething lefs than this portion is frequentiy 
made to anfwer, efpecially for coarfer cloths. 


It is by no means neceffary to follow this 
(which is the ufual) procefs for dying fcarlet. 
I have often given that colour very well at one 
fingle boiling, (without any preparation,) by 

mixing 
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mixing the whole quantity of tartar, folution of 
tin, and cochineal together; for fuch, in this 
cafe, is the attraction of wool for the colouring 
matter, as well as for the oxide of tin, that it 
will take up both very freely, and retain them 
permanently when thus mixed. I think, how- 
ever, that in this way the cloth does not exhauft 
the colour of the dying liquor quite fo perfectly 
as in the other ; which feems alio to be the cafe, 
where, inftead of emptying out the boiling h- 
quor after the firft preparation, the remainder 
of the folution of tin and the cochineal are added 
to it, and the cloth is dyed therein; and as far 
as I can judge, there is no other reafon for in- 
curring fo much expence of fuel, labour, and 
time, than this, which indeed is not a fufficient 
reafon, where there are other cloths to be dyed 
of fimilar colours immediately afterwards ; be- 
caufe what may have been left by the firft, will 
naturally be gained by thofe which are afterwards 
dyed in the fame veffel. 


I have moreover often dyed very beautiful fear- 
lets, by preparing or boiling the cloth with the 
whole quantity of folution of tin and tartar at 
once, (as is commonly done with alum and tartar, ) 
and afterwards dying it unrinced with the.whole 
of the cochineal in clean water only; and in this 
way I have found the colouring particles fo 
completely taken up by the cloth, that the li- 
quor became as clear as the pureft water, and 
the colour was generally very perfect. 


Some dyers, befides the tartar ufed in the firft 
boiling, employ as much of it as of cochineal 
in the fecond or dying part of the procefs; and 

certainly 


270 PHILOSOPHY OF 


certainly the doing fo will be advantageous, 
whenever the colour is wanted to approach nearer 
than ordinary to the aurora complection, though 
this is not the effect which would be generally ex- 
pected to refult from thence. Poerner ufes no co- 
chineal in the firft boiling, nor indeed is any necef- 
fary, though a little may probably help to decom- 
pofe the oxide of tin, and fix it more copioufly in 
the fibres of the cloth. For fcarlet, many dyers 
prefer the red argol or crudered tartar; but the 
matter to which it owes this colour is wholly in- 
capable of adding any colour to that which the 
wool may otherways acquire, and therefore at beft 
it will only prove ufelefs. Wool is feldom dyed 
fcarlet until it has been fpun, wove, and fulled* 
becaufe the yellowifh tendency which the co- 
chineal colour acquires from tartar in the dying 
procefs, is nearly all taken away in the full- 
ing, and a rofe produced inftead of a fearlet 
colour. 


Mr. Berthollet thinks the folution of tin, be- 
fore defcribed, does not affeét the cochineal co- 
Jours, merely by the proportion of that metal, 
which it contains; and that when either fal am- 
moniac, falt-petre, or common falt, enter the 
compofition of an aqua regia, the compound 
will be lefs acid than when it confifts of the ni- 
tric and muriatic acids folely; and that the 
former deferves therefore to be preferred, as 
having a lefs violent a¢tion upon the fibres of 


woollen cloths, and upon colouring matters. 


[t is remarkable, that during the prefent cen- 
tuty, no confiderable improvement has been 
iI 


made in the procefs or means of dying fcarlet ; 
. ) a Cit- 
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a circumftance which is the more extraordinary, 
fince the pre-eminent luftre, as well as the coftly 
nature of this dye, have rendered it an obje& of 
particular attention, not only to dyers, but to 
eminent chymifts, by whofe refearches we might 
have expected, that at leaft every obvious im- 
provement therein would have been long fince 
attained. That this, however, has not been 
done, will, I think, manifeftly appear, by the 
following ftatement of my own particular ob- 
fervations and experiments on this fubjeét, which 
began in the year 1786. Having been led to 
pour boiling water repeatedly upon powdered 
cochineal in a china bafon, and to decant it as 
often from the fubfiding infoluble parts, until 
they would yield no more colour, I found that 
by adding a little pot-afh to this feemingly ex- 
haufted fediment, and pouring frefh boiling wa- 
ter thereon, a farther copious extraction of co- 
lour inftantly difplayed itfelf, equal, as far as I 
could judge, to about one-eighth of the whole 
of that which had been originally contained’ in 
the powdered infects; and having by repeated 
trials conftantly found this effeét, I too haftily 
concluded that the colour thus obtained by the 
help of pot-ath was fo far of a refinous nature, 
or fo intermixed with a refinous matter, as te 
have always been incapable of being extracted 
by the means ufually employed for dying with 
cochineal; and that if ic fhould be found capa- 
ble of yielding colours as beautiful and perma~ 
nent as thofe dyed with the more foluble co- 
louring particles of thefe infects, an acquifition 
might be made of fo much wew colouring mat- 
ter, which till then had, as I conceived, been 
5 always 
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always thrown away. That it was capable of 
yielding fuch colours, I foon afcertained, by re- 
peatedly extracting this particular colouring 
matter by the help of pot-afh, and afterwards 
dying fmall pieces of cloth fcarlet with it, (in 
the ways ufually employed tor dying that co- 
Jour,) and by comparing and expofing them to 
the weather with other pieces dyed from the 
more foluble colouring matter of cochineal. 


Continuing my inquiries on this fubjedt, I 
foon perceived that the colour, denominated 
fcarlet, muft in faét be a compound colour, 
(like green, purple, and orange,) confifting 
probably of about three-fourths of a moft lively 
pure crimfon or rofe colour, and about one- 
fourth of a pure bright yellow; and that there- 
fore when the natural crimfon of the cochineal 
is made fcarlet by the means always hitherto 
employed for dying that colour, there muft be 
a change produced equivalent to a converfion 
of one-fourth of the cochineal colouring mat- 
ter from its natural crimfon to the yellow co- 
lour ; and as a better yellow might be obtained 
from other drugs, where it naturally exifts, and 
for a fiftieth part of what it cofts when obtained 
in this way, from the moft coftly of all dying 
drugs, (cochineal,) it neceffarily followed, that 
this, the univerfal and only known method of 
producing a fcarlet, muft be highly injudicious, 
becaufe unneceffarily expenfive. 


Convinced of this important truth, and at the 
fame time believing too eafily, on the authority 
of Hellot, Macquer, and others, that the na- 

tural 
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tural crimfon of cochineal was rendered {carlet 
only by the nitric acid employed to diffolve the 
tin ufed in dying that colour, I began a feries of 
experiments for producing it, without any fuch 
wafte of the cochineal colouring matter. For 
this purpofe it feemed neceflary to difcover a 
mordant or bafis, capable of permanently fix- 
ing and ftrongly reflecting the pure vivid co- 
chineal crimfon, without giving it any tendency 
towards the yellowifh hue. I concluded, and 
found by experiments, that the neceffary purity 
and vivacity of colour could not be obtained 
from an aluminous bafis, however diffolved, 
though it doubtlefs fixes the colouring particles 
of cochineal more durably than any other mor- 
dant; and the like defeét was found to accom- 
pany the folutions of all the other earths, as 
well as of the metals and femi-metals, tin alone 
excepted; and with this farther difadvantage, 
that moft of them either degraded or altered the 
natural colour of cochineal very confiderably. 
It followed therefore that a bafis to fuit my pur- 
pofe muft be fought for in the pure white calx 
of tin, fo diffolved or combined as to reflect the 
cochineal crimfon unchanged, and with the 
ereateft poffible luftre. Mifled by what thofe 
eminent writers Dufay, Hellot, Macquer, Schef- 
fer, le Pileur d’Apligny, &c. had advanced, as 
well as by the opinions of others, with whom I 
had converfed on this fubjeét, I erroneoufly con- 
cluded, that all folutions of tin, in which the 
nitric acid predominated, would neceflarily in- 
cline the cochineal crimfon towards the yellowifh 
hue, and that therefore fuch folutions ought to 
be excluded from my experiments. In this 

a's perfuafion, 
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perfuafion, I diffolved parcels of that metal in 
almoft every other acid, and tried them fepa- 
rately for dying with cochineal. Their feveral 
effects will hereafter be more particularly ftated : 
at prefent I need only mention, that of all others 
the muriatic folution feemed the beft fuited to 
anfwer my purpofe, as it both fixed and reflected 
the pure crimfon or refe colour of the cochi- 
neal unchanged, and with the utmoft bright- 
nefs. ‘To produce a {carlet, therefore, it was 
only neceffary to fuperadd, and intimately com- 
bine with this crimfon or rofe colour, a fuitable 
portion of a lively golden yellow, capable of 
being properly fixed and refleéted by the fame 
bafis. Such a yellow I had previoufly difco- 
vered in the Quercitron bark, (which will be 
the fubjeét of my next chapter,) and alfo in 
what is here called young fuftic, (Rhus Cotinus, 
Lin.) though its colour was much lefs bright, and 
much lefs durable, than that of the Quercitron 
bark; for famples of each, dyed by the fame 
means, having been alike expofed to the wea- 
ther at the fame time, the fuftic colour was 
nearly deftroyed, before that of the bark had fen- 
fibly faded. This laft had alfo the advantage of 
being not only the brighteft, but the cheapeft 
of all yellows, fince one pound of the bark in 
powder, which coft but three-pence farthing, 
dyed, with a fufficient quantity of muriate of 
tin, between thirty and forty pounds weight of 
woollen cloth of a full bright golden yellow; 
and this being afterwards dyed in the fame li- 
quor, with one-fourth lefs of cochineal than 
what is ufually employed, acquired a fcarlet 
equal in beauty and durability to any which is 

7 ufually 
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ufually given by the ordinary means, with a 
full proportion of cochineal; and fuch were 
the general refults of a great number of expe- 
riments. 


The quantity of muriatic folution of tin ne- 
ceffary to dye a given quantity of fcarlet in this 
way, feemed to me at that time to depend on 
the proportion of metal contained in it, and 
this laft to depend on the ftrength of the acid 
ufed for that purpofe. That which I employed, 
and which I bought at the price of 38s. per 
t12lb. or about four-pence per pound, dif- 
folved in a ftrong fand heat, one-third of its 
weight of granulated tin; and this folution 
would, with the proportions of cochineal and 
bark before mentioned, dye about ten times its 
weight of cloth, of a good fcarlet colour. 


I have faid that three pounds of muriatic acid, 
which coft but one fhilling, might be made to 
diffolve a pound of tin, which would require 
eight pounds of fingle aqua-fortis to diffolve it ; 
and this quantity of aqua-fortis, at the rate of 
8d. per lb. would coft 5s. 4d., fo that on each 
pound of tin diffolved by muriatic acid, inftead 
of the nitric, I calculated a faving of 4s. 4d. 
The muriatic acid, therefore, which M. Beaumé 
had ftiled the true diffolvent of tin, (‘¢ Le vrai 
« diffolvant de l|’Etain,’’) feemed alfo to be of 
all others the cheapeft ; and with this farther ad- 
vantage, that a folution made by it was as tranf- 
parent and colourlefs as the pureft water, and 
capable of being preferved for many years, 
without the leaft alteration, whilft the dyers’ 
nitro muriatic folution of tin or fpirit becomes 


rm 
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turbid or gelatinous very fpeedily, and even in 
a very few days, if the weather be warm. 


I may add alfo, that the muriatic folution of 
tin feemed to exalt the colours both of the 
Quercitron bark and of cochineal, more than 
any other. 


I perceived moreover another advantage re- 
fulting from this new method of dying {carlet, 
by a faving of all the tartar employed in the old. 
Before I began my experiments on this fubjeét, 
I had endeavoured to learn the purpofe which 
tartar was intended to anfwer in the ufual pro- 
cefs for dying fcarlet; but having obtained no 
fatisfactory anfwer on this point, I doubted of 
its producing any good effect, and therefore 
omitted it in my firft trials; and as they fuc- 
ceeded, I alfo omitted it in all the others. 


By thefe facts and ideas, I was led to believe 
that I had made difcoveries likely to produce 
very important national benefits; and I parti- 
cularly calculated in the firft inftance a gain of 
about 12 } percent. upon the whole quantity of 
cochineal confumed in Great Britain, by that 
part of its colouring matter which I propofed 
to extract by the help of pot-afh, and which I 
{uppoied to have been before aiways loft. 


Befides this, I computed that a faving of 25 
per cent. upon all the cochineal ufed in Great 
Britain for dying fcarlet, aurora, and orange co- 
lours, would refult from my plan of obtaining 
from the Quercitron bark fo much yellow as 
was required for the compofition of sash co- 

ours 
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lours with the cochineal crimfon, inftead of con- 
verting any part of this laft more coftly colour 
into a yellow. And laftly, I calculated other 
favings, equal.at leaft to 20,000]. annually, in 
the article of tartar, and in what the muriatic 
folution of tin was likely to coft lefs than that 
which is commonly ufed for the purpofes in 
quettion, 


With this opinion of the importance of my 
difcoveries on this fubje&t, I gave an account of 
them, as well as of an improvement in the black 
dye, (which will be hereafter explained,) to the 
Right Honourable the Lords of the Committee 
of his Majefty’s Privy Council, appointed for 
the confideration of all matters of trade, &c. 
and their lordfhips, with a laudable folicitude 
for the public welfare, were pleafed, by an or- 
der bearing date at Whitehall, the 18th of Sep- 
tember 1787, to refer the fame to ‘* fix capital 


‘© dyers,” named in the faid order, who were 
«<< defired to inquire into the facts refpecting the 
<¢ faid important difcoveries in the black and 
¢ fcarlet dyes ;” and afterwards “ to report to 
«© the committee their opinion of the merits and 
‘ utility”’ thereof. 


It was not, however, until the 22d of Ja- 
nuary following that an experiment relating to 
the fcarlet dye was made at the dye-houfe of 
Mefirs. Goodwin, Platt, and Co. Bankfide, 
Southwark,—Confidering on that accafion how 
much practical operators, in all the arts, are in- 
clined to diftruft improvements offered by fpe- 
culative men upon the grounds of theory or 

6 philo- 
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philofophical reafoning, I was defirous of max- 
ing my firft trial, under the moft favourable 
circumftances, in order that by its fienal fuc- 
cefs I might effectually obviate the effect of aay 
unfavourable prepoffeffions i in the minds of thofe 
who were to report on the merits of my difco- 
veries. For this pga I prepared a large 
« bacahed (near 100|b.) of the muriatic folution 
of tin; andin order that the acid might be per- 
fectly faturated with the metal, 1 adc Jed an over 
proportion of the latter, and kept both at the 
boiling point, by means of a fand heat, for the 
fpace “of three days and nights. In this way I 
obtained a folution perfectly colourlefs, of a very 
pungent fmell, and fo highly volatile, that like 
ether it was almott impoffible to prevent its ef- 
cape from the veffels in which it was contained, 
however clofely topped. The acid had in this 
inftance diffolved as much tin as it was capable 
of doing ; but this complete faturation, inftead 
of proving beneficial, as I had expected, became 
an obftacle to my fuccefs. 


Two pieces of long baize, weighing together 
-7$8]b. had been chofen as the objects of this 
experiment. I had before obferved, in my pri- 
vate trials, that the colour generally proved moft 
lively when given with a full proportion of the 
muriate of tin; and alfo that the colouring mat- 
ter of oa cochiheal was moft completely im- 
bibed and taken up out of the dying Tiquor by 
the sees when the whole € ‘portion of the folu- 
tion of tin, inftead of being applied at different 
times, was boiled up at once with the Quercitron 
harlas an effect the more defirable for me, be- 
caule 
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caufe I intended to employ a very fmall propor- 
tion of cochineal, and therefore wifhed to leave 
as little as poffible of its colouring matter be- 
hind, floating in the dying liquor, efpecially as 
it would be difficult properly to eftimate the ex- 
act quantity remaining therein. 


For thefe reafons, I took a large portion of 
the folution of tin, i.e. 161b. weight for the two 
pieces of baize, and threw the whole of it at 
once, with five pounds of powdered Quercitron 
bark, into a fuitable tin veflel, properly filled 
with water a little warmed, into which the 
pieces of baize (previoufly moiftened) were foon 
after put, and turned as ufual over a winch 
through the liquor (which was made to boil) for 
the {pace of an hour, when they were both taken 
out, and rinced in clean water, the dying veffel 
being at the fame time emptied, and then filled 
again with warm water for the remaining part 
of the operation. ‘The baize had, in. this firft 
boiling, acquired a very bright golden yellow, 
though but about one-fortieth part of its weight 
of bark was employed; and I had expected, 
from what had before happened in my own par- 
ticular experiments, that it would have been fo 
fully impregnated by, the metallic bafis, as to 
want no farther addition of the muriate of tin 
in the fecond part of the procefs. To fecure 
myfelf, however, againft a difappointment on 
this point, I cut off a bit from one of the pieces, 
and boiling it in a fmall pipkin with water, and 
a little cochineal, I faw with great concern that 
the fibres of the cloth were very far from having 
imbibed enough of the calx of tin to fix and 
raife the cochineal colour; and that a farther 

‘oy portion 
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portion of the folution would be abfolutely ne- 
ceffary for this purpofe. My difappointment in 
this refpeét appeared by fubfequent experiments 
to have arifen from my having puthed the fo- 
lution of tin (whilft making it) on to that point 
of complete faturation at “which the muriatic 
acid and the metal combine moft clofely, and 
are decompofed with the greateft difficulty, 
which had been manifeftly the cafe in this in- 
{tance; becaufe the water into which the folution 
of tin was poured in the dying veffel did not 
decompofe any part of it, or become in the 
flighteft degree turbid, as it does with other fo- 
lutions of that metal; and the attraction of the 
woollen cloth was much too feeble to feparate 
and attach to itfelf any part of the calx of tin, 
excepting only that which united with the co- 
Jouring matter of the bark, and by this addi- 
tional affinity became fixed in the wool as the bafis 
of that golden yellow which it had received, 
as already mentioned; whilft the other and 

greater part of the calx remained in the water, 
(combined with the muriatic acid,) and was 
thrown away with it after the firft boiling, but 
unfortunately not without having previoufly 
weakened the fibres of the wool by its corro- 
five property, of which I had then no fufpicion, 
though it became manifeft in the fecond part of 
the operation. For this, five pounds of co- 
chineal were put into the dying veffel, with fix 
pounds more of the muriate of tin, and being 
well mixed in 83 water, the two pares of baize 
were put into the liquor, and dyed therein for 
about fifteen Lakep need when the colour not feem- 
ing to rife properly, four pounds more of the 
folution of tin, and one pound of cochineal, were 

ad Ided; 
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added; and the dying was continued, until it 
appeared foon after that the texture of the cloth 
was greatly injured by the muriate of tin, 
which feemed in this, as well as in fubfequent 
trials, to have a much {tronger and more cor- 
rofive action upon the fibres of wool than 
other folutions of that metal, though before that 
time I had always been perfuaded that it would 
on the contrary have acted more mildly in this 
refpect than the ordinary dyers’ folution or fpirit; 
and indeed I had been led to this perfuafion by 
the concurrent opinions of feveral very eminent 
chymifts, who had all reprefented the nitric acid 
as exerting a ftronger and more corrofive ac- 
tion than the muriatic upon animal fubftances, 
Even that moft excellent chymift Berthollet has 
obferved, in the tenth volume of the Ann. de 
Chymie, publifhed fo lately as the month of 
Auguft 1791, and after he had been particu- 
larly employed in examining the effects of the 
different acids upon wool and filk, that ** Pacide 
<¢ fulfurique & Vacide muriatique exercent une 
«¢ action moins vive, fur Jes fubftances animales 
<< que acide nitrique fuffizamment concentré.” 
And this doubtlefs is true of thefe acids aéting 
merely as acids; but very different properties 
appear to refult from their combinations with 
metals, and metallic fubftances; among which, 
the metallic folutions by muriatic acid feem ge- 
nerally more corrofive than thofe made by any 
other. This is particularly true of the muri- 
ates of mercury, filver, lead, bifinuth, and an- 
timony, as well as that of tin; but the corro- 
five nature of this Jaft, and the difficulty of de- 
compofing it, feem to be increafed, in propor- 

tion 
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tion as the muriatic acid is more completely fa- 


turated or combined with a greater portion of 
the metal. It is indeed true, that the propor- 
tion of folution of tin ufed in the foregoing ex- 
periment, was much greater than I had: ever be- 
fore employed, as it “amounted to 261lb., and 
contained above fix pounds of the metal, which 
is four times as much as would fuffice (diffolved 
by a mixture t o be hereafter explained) for the 
fame weight of cloth. But ftill 1 am perfuaded, 


that an equal quantity of any other folution of 
tin would not have injured th aie quantity " 
cloth in an equal degree ; and being thus ma 
fenfible of the danger that muft att tend the ile 
of a mordant fo pena ve, | was convinced of 
the AEN, of earching f or one more harm- 
lefs in this refpect, though it certainly is very 
poffible, with proper care, to employ the mu- 
riate of tin (containing a {maller proportion of 
the metal) io as to Brogune all the good effects 
which I had expected from it, without any in- 
jury to the cloth, as I have git by a mult- 
tude of experiments fince, as well as before, that 


Vey 


of the 22d of January 1787. 


ar 


From whence this corrofive property of th 
muriate of tin arifes, may pecan a fubject a 
future inquiry. At prefentI fhall only obferve, 
that in fome experiments which I made, with 
the hope of correcting it, I conftantly found 
this farurated and highly corrofive muriate of 
tin poffeffing a ftrong attraction for oxygene, 
and that by abforbing i it, as it did from various 
matters, this corrofive property was always 
greatly diminifhed. ‘This led me to oxygenate 

the 
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the muriatic folution of tin, by putting a little 
manganefe into it, Or rather by diffolving tin 
with a little manganefe in muriatic acid; but 
though the folution made in this way was evi« 
dently much lefs corrofive, it contained a fmall 
portion of the manganefe which darkened the 
cochineal colaur, making it incline towards a 
purple; and this defect, though i in a much lefs 
degree, accompanied the folution of tin made by 
the oxygenated muriatic acid, as prepared for 
bleaching. 


I afterwards oxygenated the muriatic acid, 
by mixing it with about one-third lefs than its 
own weight of the nitric, and with this I made 
a folution of tin; which appearing to be no 
more corrofive than the common dyers’ fpirit, 
and not changing the cochineal crimfon to- 
wards the yellow “hue, I was haftily induced to 
venture with it upon another trial at the dye- 
houfe of Mefirs. Goodwin and Co. a few weeks 
after the firft. It was, however, made only 
on one'piece of baize, weighing about ninety 
pounds, which I caufed to be boiled with about 
eight pounds of this murio-nitric folution of 
tin, and two pounds and one-half of powdered 
Quercitron bark. This mordant, sae hibcit acted 
very feebly, or rather failed, in exalting the yel- 
low colour of the bark, which took but very 
{lowly on the baize, and never rofe much higher 
than a ftraw colour, even after two hours boil- 
ing ; when a confi iderable quantity of yellow co- 
lour, united to the calx of tin, evidently re- 
mained floating in the water, not becaufe the 

calx was too intimately combined with the acid 
folvent as in the firft experiment, but becaufle, 
tor 
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for want of a fufficient attraction between them, 
it had been almoft wholly decompofed as foon 
as they were put into water; and in boiling, it 
fixed itfelf with the bark colour upon the cloth 
but fparingly and flowly. This alfo happened 
in the fecond part of the operation; for which 
three pounds of cochineal, and fix of this mu- 
rio-nitric folution of tin, were at firft employed ; 
but the colour not rifing fufficiently, another 
pound of cochineal, with four pounds more of 
the fame folution, were added to the hquor in 
which the cloth was dyed for the fpace of two 
hours, when a confiderable part of the colour 
{till appeared floating, but not diffolved, in the 
water. So much, however, had been applied 
to the cloth, as to give it a pafiable fcarlet co- 
jour, which however had penetrated but very 
little into its fubftance, and feemed, as Mr. 
Goodwin obferved, to have been rather painted 
than dyed. It was, however, generally agreed, 
after a particular examination, that notwith- 
ftanding the great length of time in which the 
baize had been boiled with a very large propor- 
tion of the folution of tin, (7.¢. 181b. for a 
fingle piece weighing but golb.), its texture 
had not received the fmalleft injury ; fo that in 
this refpect my laft experiment proved lefs ex- 
penfive than the firft, though both together coft 
me near 3ol. 


As this murio-nitrate of tin, though exempt 
from the defects of the muriatic folution, had 
failed through others of a very oppofite nature, 
I was induced to mix much greater proportions 
of nitric with the muriatic acid for diffolving 
tin, in order to fee how much of the former 

could 
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could be ufed in this way, without fo far yellow- 
ing the cochineal crimfon as to preclude the ufe 
of any of the Quercitron yellow in the dying of 
fearlet, an effect which I {till expected from the 
nitric acid, when ufed in a very large propor- 
tion; but to my great furprize, I could difco- 
ver no fuch effect, even when I had diffolved 
the metal in nitric acid alone. At firft I fuf- 
pected fome impurity in the acid which had 
been employed; but having procured a frefh 
fupply, and afcertained its purity by the proper 
means, I ftill found that tin diffolved by it had 
not the leaft tendency to change the cochineal 
crimfon towards a yellowifh or fcarlet hue; and 
that this effect, in the ufual way of dying that 
colour, refulted wholly from the tartar, which is 
always employed at the fame time. This fact 
I afcertained by repeated and varied experi- 
ments, in which I conftantly found that cochi- 
neal, with the dyers’ common folution of tin, 
and even with that made by nitric acid only, 
would produce nothing but a crimfon without 
tartar; and that cochineal, with tartar, would 
produce a fcarlet, not only with thefe laft men- 
tioned folutions, but alfo, avd equally well, with 
the muriatic folution of that metal; and there- 
fore, that every thing which had been taught 
and believed to the contrary was repugnant to 
truth. And here I cannot conceal my wonder, 
that an error of fo much confequence, and fo 
deftitute of all foundation, fhould have 
propagated and confirmed by fo many acute re: 
foners and fagacious obfervers in other refpect 
for befides thofe eminent writers already me 
tioned, Mr. Pcerner has more recently adopted 
and 


a 


286 PHILOSOPHY OF 


and propagated the fame error, after making a 
great number of experiments, feveral of which, 
if they had been duly confidered, would have 
taught him the truth on this fubjeét*, This 
alfo was even more lately done by Mr. Berthol- 
let, in his Elemens de l’Art de la Teinture, 
where, to adopt the words of Dr. Hamilton’s 
Tranflation, he fays, ‘¢ Tartar, as we have feen, 
«© gives a deeper and more rofy hue to the co- 
‘* louring matter of cochineal, precipitated by 
“* the folution of tin. It moderates the action 
“‘ of the nitro-muriatic acid, which tends to 
‘* give fcarlet an orange caft, though this orange 
** caft is not to be feen in the precipitate pro- 
“© duced by the folution of tin, which is on the 
** contrary of a fine red. It is probable that 
“* the folution of tin gives f{carlet an orange 
** tinge, by means of the action the nitro-mu- 
«© riatic acid exerts on the wool, which, as well 
** as all other animal fubftances, it has the pro- 
«© perty of turning yellow.” 


*¢ Thus (adds he), by putting more of tartar 
“* into the reddening, a deeper and fuller fcar- 
<* Jet may be obtained; and on the contrary, 
« the fcarlet may be rendered more inclining 
“* toorange by omitting this ingredient.” And 
he concludes the chapter by repeating this doc- 
trine. 

Here then it is manifeft, that the nitro-mu- 
riate of tin and the tartar are each juppofed te 


* See Inflruction fur l’Art de la Teinture, &c. a Paris 
1791. 


produce 
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are really produced by them, the effects of each 
being afcribed to the other; a miftake capable 
of producing much difappointment and detrt- 
ment. 


produce effects direéfly contrary to thofe which 


Having made myfelf certain that the dyers’ 
fpirit or nitro-muriatic folution of tin, without 
tartar, would only dye a crimfon with cochineal, 
I was induced to make an experiment therewith, 
inftead of the muriate of tin, at the dye-houfe 
of the late Mr. Seward in Gofwell-ftreet, and 
with views fimilar to thofe which directed the 
experiments before made at Mefirs. Goodwin. 
A piece of baize was accordingly boiled one 
hour and a quarter with the ufual portion of 
nitro-muriatic folution of tin, (which had been 
prepared by Mr. Seward,) and with about ,*, 
of its weight of Quercitron bark, without any 
tartar. After which it was taken out dyed of a 
bright yellow, though paler than it would have 
been with the muriate of tin. The baize be- 
ing rinced, and the dying veflel emptied, and 
then filled a fecond time with clean water, about 
four-fifths of the cochineal ufually employed for 
the like quantity of baize, and a farther fuitable 
proportion of the folution of tin, were put into 
it, and the baize being dyed therein, as ufual, 
took what was allowed to be a good {fcarlet. 
Mr. Seward, however, did not feem fo fully 
convinced, as I had expected, of the advantage 
of compounding a fcarlet in this way from the 
cochineal crimfon and Quercitron yellow; and 
probably the experiment had not been attended 
with any very manifeft fuccefs, or faving of co- 
chineal, becaufe the nitro-muriatic folution of 

tin, 
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tin, which had produced but a pale yellow with 
the Quercitron bark, had alfo acted more feebly 
in raifing or exalting the cochineal colour than 
it ufually does when affifted with tartar, which 
confifts of a portion of vegetable alkali com- 
bined with an excefs of its own peculiar acid; 
and therefore, whenever it is mixed with a fo- 
lution of tin by any of the mineral acids, the 
tartar will be decompofed; becaufe the mineral 
acids, by their fuperior attraction for, will unite 
with its alkaline bafis, and difengage an addi- 
tional portion of the tartarous acid, which will 
then unite with the metallic calx, previoufly 
abandoned by the mineral acid, and thus pro- 
duce a tartrite of tin, which latt, in the ufual 
way of dying fcarlet, inclines the cochineal 
crimfon to a yellow hue, and at the fame time, 
(as I have fince found,) exalts its colour more 
than the nitro-muriatic folution of tin alone 
would be able to do; and it is only this pro- 
duction of a tartrite of tin that has obviated the 
ill effeéts which otherwife muft have refulted 
from the fulphuric acid frequently contained in 
the common aqua-fortis ufed by the fcarlet dy- 
ers. Not many years have elapfed indeed, fince 
money was obtained from feveral eminent dyers 
in London, for a fecret to frrengtben their aqua- 
fortis, which they were to do by adding to it a 
portion of oil of vitriol; and though they were 
foon induced no longer to employ this fecret, it 
may be concluded that they did not’ pay money 
for it without fome previous trials, and at leaft 
an appearance of benefit from its ufe; and cer- 
tainly a moderate portion of vitriolic acid would 
in this way operate a faving of the dearer nitric 
acid, fince its action would be exerted only in 

decom- 


PERMANENT COLOURS, &c. 289 


decompofing the tartar, by uniting with its al- 
kaline bafis, and producing a fulphate of pot- 
afh or vitriolated tartar, which feems no more 
hurtful to the fcarlet dye than the nitrate of pot- 
ath or falt-petre, which the nitric acid produces 
in the fame way, where there is no vitriolic to 
take its place, in confequence of its fuperior at- 
traction for the alkaline bafis of tartar. 


Though I had hitherto failed in my endea- 
vours to compofe a fcarlet colour with advan- 
tage, fo as to fave that part of the cochineal 
which appeared to be mifapplied, by being con- 
verted to the yellowifh hue in the ufual procefs, 
I had neverthelefs full confidence in my former 
reafoning on this fubjeét, and employed myfelf 
from time to time in fearching after more fuit- 
able means for attaining this end. Some of my 
earlieft experiments with a folution, or rather a 
calcination of tin by the fulphuric acid, had 
fhewn me that this preparation was very unfuit- 
able for my purpofe, becaufe it really exerted a 
deftructive action on the cochineal colour, by 
reducing it from a crimfon down to a kind of 
falmon colour, which indeed was the higheft 
colour produced on cloth by dying it with co- 
chineal and fulphate of tin; I therefore dif- 
carded the ufe of fulphuric acid for diffolving 
tin, until particular circumftances led me fome 
time after to diffolve a portion of it by the mu- 
riatic acid, combined with about one-fourth of 
its weight of oil of vitriol; and by trying this 
folution, I found that it produced very good 
effects in dying, without any appearance of that 
corrofive property which had a¢ted fo mifchiev- 
oufly in the experiments made with tin, diffolved 

U by 
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by murtatic acid only. I was therefore encou- 
raged to make and try other folutions of that 
metal by the fame acids, united in various pro- 
portions ; and have at length found reafon to 
prefer a folution made by diffolving after the rate 
of about fourteen ounces of tin in a mixture 
of two pounds of oil of vitriol, (of the ufual 
{trength,) with about three pounds of muriatic 
acid. . nat which I have ufed was ftrong enough, 
with a fand-heat, to diffolve one- third of its 
weight of tin, and rather more than one-fourth 
of its weight of zinc, which laft metal is moft 
commiodious for afcertaining the ftrength of mu- 
riatic acid, becaufe it diffolves therein very ra- 
pidly in the common heat of the atmofphere. 
The muriatic acid fhould be firft poured upon a 
large qeanicity of granulated tin, in a large glafs 
receiver, and the dil of vitriol afterwards added 
flowly ; and thefe acids mixed fhould be left to 
faturate themfelves with tin, which they will do 
in time without any artificial heat; but the folu- 
tion will be rapidly promoted by a fand heat. 


This folution contained but little more than 
half as much ¢in as the muriatic folution which 
had been ufed in the firft experiment made at 
the dye-houfe of Mefirs. Goodwin and Co., yet 
the metallic part of it exifted in a ftate fo much 
more fuitable for the purpofes of dying, that a 
given quantity of it would produce much better 
effects than a like quantity of muriatic folution, 
containing nearly twice as much of the metal, 
and without any corrofive property, capable of 
doing the leaft mifchief, unlefs ufed in much 
greater proportions than ever can be wanted for 
dying. 


The 
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The murio-fulphuric folution of tin, made in 
thefe proportions, will be perfectly tranfparent 
and colourlefs; and will probably remain fo for 
many years, without becoming turbid, or fuf- 
fering by any precipitation of the metal ;.at leaft 
none has appeared in fome which I have kept for 
more than three years. It will produce full 
twice as much effect as the dyers’ {pirit, or ni- 
tro-muriatic folution of tin, with lefs than a third 
of the expence. It has moreover the property 
of raifing the colours of, I believe, all adjective 
dyes, more than the dyers’ fpirit, and full as 
much as the tartrite of tin, without changing the 
natural crimfon of cochineal towards the yellow- 
ifh hue; and therefore, after having made a great 
number of experiments with it, I think myfelf 
warranted in ftrongly recommending this murio- 
fulphate of tin for dying the compound fcarlet 
colour already defcribed, (with the cochineal 
crimfon and Quercitron yellow,) for which it 
will be found highly effectual and cecono+ 
mical. 


For this {pecies of fcarlet nothing is neceffary 
but to put the cloth, fuppofe 1o0lb. weight, 
into a proper tin veffel, nearly filled with water, 
in which about eight pounds of the murio-ful- 
phuric folution of tin have been previoufly mix- 
ed, to make the liquor boil, turriing the cloth 
as ufual through it, by the winch, for a quarter 
of an hour; then turning the cloth out of the 
liquor, to put into it about four pounds of co- 
chineal, and two pounds and a half of Quer- 
citron bark in powder, and having mixed them 
well, to return the cloth again into the liquor, 

w2 making 
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making it boil, and continue the operation :s 
ufual until the colour be duly raifed, and the 
dying liquor exhaufted, which will be the cae 
in about fifteen or twenty minutes ; after which 
the cloth may be taken out and rinced as ufud. 
In this way the time, labour, and fuel, neceffary 
for filling and heating the dying veffel a fecond 
time, will be faved ; the operation finifhed much 
more {peedily than in the common way ; and 
there will be a faving of all the tartar, as well as 
of two-thirds of the coft of fpirit, or nitro-ma- 
riatic folution of tin, which for dying 1oolo. 
of wool, commonly amounts to 10s.; whereas, 
81b. of the murio-fulphuric folution will only 
coft about 3s. There will be moreover a fay- 
ing of at leaft one-fourth of the cochineal ufually 
employed, (which is generally computed at the 
rate of one ounce for every pound of cloth,) and 
the colour produced will certainly not prove in- 
ferior in any refpeét to that dyed with much 
more expence and trouble in the ordinary way. 
Whena rofe-colour is wanted, it may be readily 
and cheaply dyed in this way, only omitting the 
Quercitron bark, inftead of the complex me- 
thod now practifed of firft producing a fcarlet, 
and then changing it to a rofe by the volatile 
alkali contained in ftale urine, fet free or de- 
compofed by pot-afh or by lime: and even if 
any one fhould ftill axwi/ely choofe to continue 
the practice of dying fcarlet without Quercitron 
bark, he need only employ the ufual propor- 
tions of tartar and cochineal, with a fuitable 
quantity of the murio-fulphate of tin, which, 
whilft it cofts fo much lefs, will be more effec- 
tual than the dyers’ {pirit, 

Several 
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Several hundreds of experiments warrant my 
affertion, that at leaft a fourth part of the co- 
chineal generally employed in dying fcarlet, may 
be faved by obtaining fo much yellow as is necef- 
fary to compofe this colour from the Querci- 
tron bark; and indeed nothing can be more felf- 
evident, than that fuch an effect, ceteris paribus, 
ought neceffarily to refult from this combina- 
tion of different colouring matters, fuited to 
produce the compound colour in queftion. Let 
it be recollected that the cochineal crimfon, 
though capable of being changed by tartar to- 
wards the yellow hue on one hand, is alfo ca- 
pable by other means of being changed towards 
a blue on the other, and of thereby producing a 
purple without indigo or any other blue colour- 
ing matter: yet I am confident that nobody 
would believe a pound of cochineal fo employed 
capable alone of dying as much cloth, of any 
particular fhade of purple, as might be dyed 
with it, if the ahole of its colouring matter 
were employed folely in furnifhing the crimfon 
part of the purple, whilft the other (blue) part 
thereof was obtained from indigo. ‘To fay that 
a pound of cochineal alone could produce as 
much effect or colour as a pound of cochineal 
and a pound of indigo together, would be an 
improbability much too obvious and palpable for 
human belief; and there certainly would be a 
fimilar improbability in alleging, that a pound 
of cochineal, employed in giving another com- 
pound colour ({carlet), could alone produce as 
much effeét as a pound of cochineal and a pound 
of Quercitron bark, when the colour of this 
laft was employed only in furnifhing one of the 
component parts of the fcarlet, for which a con- 
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fiderable portion of the colouring matter of the 
cochineal mutt otherwife have been expended, 
which certainly happens in the new mode of dy- 
ing fearlet, becaufe the colour produced with 
an addition of the Quereitron yellow inclines no 
more towards a yellow, than the fcarlet pro- 
duced by yellowing a part of the cochineal co- 
lour in the vfval method with tartar, I retain , 
therefore, at this moment, as much confidence 
as T ever had in the reality and importance of 
my propofed improvements in this refpect *. 


The fearlet compofed of cochineal crimfon 
and Quercitron yellow, is moreover attended 
with this advantage, that it may be dyed upon 
wool and woollen-yarn without any danger of 
its being changed to a rofe or crimfon, by the 
procefs of fulling, as always happens to fcarlet 
dyed by the ufual means. This laft being in 


faét nothing but a crimfon or rofe colour, ‘yel- 
lowed ‘ fome particular aétion or effect of the 
tartar, is liable to be made crimfon again by the 
application of many chymical agents, (which 
readily overcome the changeable yellow pro- 


duced by the tartar,) and particularly by calca- 


* Of the benefit which I formerly expected to obtain by 
employing pot-afh to extract a part of the cochineal co- 
lour, which water alone did not appear capa ble of extratt- 
ing, it muft be remarked that I have fometime fince con- 
vineed myfelf of its being an illufion; for, by repeated tri- 
als, 1 have found that the folid parts of powdered cochineal 
remaining afters it has si D baile d with the folution of tin, as 
in the common dying procefs, yield no colour worth notice, 
upon the application of pot-a uh, the folution of tin enabling 
the water to extra& the colour folhicibli ct fo that m trith 
there is no fuch waite of cochineal colour as I had {uppofed 
tn the ufual way of employing that drug, 
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reous earths, foap, alkaline falts, &c. But 
where the cochineal colouring matter is applied 
and fixed merely as a crim/fon or rofe colour, and 
is rendered fcarlet by fuperadding a very perma- 
nent Quercitron yellow, capable of refifting the 
ftrongeft acids and alkalies, (which it does when 
dyed with folutions of tin,) no fuch change can 
take place, becaufe the cochineal colour having 
never ceafed to be crimfon, cannot be rendered 
more fo, and therefore cannot fuffer by thofe 
impreffions or applications which frequently 
change or {pot fcarlets dyed according to the 
prefent practice, 


There is alfo a fingular property attending the 
compound {carlet dyed with cochineal and Quer- 
citron bark; which is, that if it be compared 
with another piece of fcarlet dyed in the ufual 
way, and both appear by day-light exaély of 
the fame foade, the former, if they be afterwards 
compared by candle-light, will appear to be at 
Jeaft feveral fhades higher and fuller than the 
latter; a circumftance of fome importance, 
when it is confidered how much this and other 
gay colours are generally worn and exhibited by 
candle-light during a confiderable part of the 
year. 


To illuftrate more clearly the effeéts of the 
murio-fulphuric folution of tin with cochineal in 
dying, I fhall ftate a very few of my numerous 
experiments therewith ; obferving, however, that 


they were all feveral times repeated, and always 
with fimilar effects. 


U4 Ht, 
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1ft, I boiled one hundred parts of woollen 
cloth in water, with eight parts of the murio- 
fulphuric folution of tin, during the fpace of ten 
or fifteen minutes ; I then added to the fame 
water four parts of cochineal, and two parts and 
a half of Quercitron bark in powder, and boiled 
the cloth fifteen or twenty minutes longer ; at the 
end of which it had nearly imbibed all the co- 
lour of the dying liquor, and received a very 
good, even, and bright fcarlet. Similar cloth 
dyed of that colour at the fame time in the ufual 
way, and with a fourth part more of cochineal, 
was found upon comparifon to have fomewhat 
lefs body than the former; the effect of the Quer- 
citron bark in the firft cafe having been more 
than equal to the additional portion of cochineal 
employed in the latter, and made yellow by the 
action of tartar, 


ad, To fee whether the tartrite of tin would, 
befides yellowing the cochineal crimfon, contri- 
bute to raife and exalt its colour more than the 
murio-fulphate of that metal, [ boiled one hun- 
dred parts of cloth with eight parts of. the mu- 
rio-fulphuric folution, and fix parts of tartar, for 
the fpace af one hour; I then dyed the cloth, 
unrinced, in clean water, with four parts of co- 
chineal, and two parts and a half of Quercitron 
bark, which produced a bright aurora colour, 
becaufe a double portion of yellow had been here 
produced, firft by the Quercitron bark, and 
then by the action of tartar upon the cochineal 
colouring matter. To bring back this aurora 
to the fearlet colour, by taking away or chang- 
ing the yellow produced by the tartar, I divided 
the 
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the cloth whilft unrinced into three equal parts, 
and boiled one of them a few minutes in water 
Nightly impregnated with pot-afh; another in 
water with a little ammoniac ; and the third in 
water containing a very little powdered ¢ chalk, by 
which all the pieces became fcarlet; but the two 
laft appeared fomewhat brighter than the firft, 
the ammoniac and chalk having each rofed the 
cochineal colour rather more advantageoufly than 
the pot-afh. The beft of thefe, however, by 
comparifon, did not feem preferable to the com- 
pound fcarlet dyed without tartar, as in the pre- 
ceding experiment; confequently this did not 
feem to exalt the cochineal colour more than the 
murio-fulphate of tin; had it done fo, the ufe 
of it in this way would have been eafy without 
relinquifhing the advantages of the Quercitroa 
yellow, 


3d, I boiled one hundred parts of woollen 
cloth with eight parts of the murio-fulphuric 
folution of tin, for about ten minutes, when I 
added four parts of cochineal in powder, which 
by ten or fifteen minutes more of boiling, pro- 
duced a fine crimfon. This I divided into twa 
equal parts, one of which I yellowed or made 
fcarlet by boiling it for fifteen minutes with a 
tenth of its weight of tartar in clean water; and 
the other, by boiling it with a fortieth of its 
weight of Quercitron "betel: and the fame weight 
of murio- fulphuric folution of tin; fo that in 
this laft cafe there was an addition of yellow co- 
louring matter from the bark, whilft in the 
former no fuch addition took place, the yellow 
necefflary for producing the {carlet having been 
wholly gained by a change and diminution af 
10 the 
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the cochineal crimfon; and the two pieces be- 
ing compared with each other, that which had 
been rendered fcarlet by an addition of Quer- 
citron yellow, was, as might have been expect- 
ed, feveral fhades fuller than the other. 


4th, I dyed one hundred parts of woollen 
cloth fcarlet, by boiling it firft in water with 
eight parts of murio-fulphate of tin, and twelve 
parts of tartar, for ten minutes, and then add- 
ing five parts of cochineal, and continuing the 
boiling for fifteen minutes. This fcarlet cloth 
I divided equally, and made one part crimfon, 
by boiling it with a little ammoniac in clean wa- 
ter ; after which I again rendered it fcarlet, by 
boiling it in clean water,’ with a fortieth of its 
weight of Quercitron bark, and the fame weight 
of murio-fulphate of tin; and this laft, being 
compared with the other half, to which no Quer- 
citron yellow had been applied, was found to 
pofiefs much more colour, as might have been 
expected. A piece of the cloth, which had been 
dyed fcarlet by cochineal and Quercitron bark, 
as in the firft experiment, being at the fame time 
boiled in the fame water with ammoniac, did 
not become crimfon, like that dyed {carlet, with- 
out the bark. 


In this way of compounding a fcarlet from 
cochineal and Quercitron bark, the dyer will at 
all times be able, with the utmoft certainty, to 
produce every poffible fhade between the crim- 
fon and yellow colours, by only increafing or 
diminifhing the proportion of bark, It has in- 
deed been ufual at times when fcarlets, approach- 
ing nearly to the aurora colour, were in fafhion, 

£Q 
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to fuperadd a fugitive yellow either from turmeric, 
or from what is called young fuftic (Rhus Coti- 
nus); but this was only when the cochineal 
colour had been previoufly yellowed as much as 
pufible by the ufe of tartar, as in the common 
way of dying fcarlet; and therefore that prac- 
tice ought not to be confounded with my im- 
provement, which has for its objec to preclude 
the lofs of any part of the cochineal crimfon, by 
its converfion towards a yellow colour, which 
may be fo much more cheaply obtained than 
the Quercitron bark, 


By fufficient trials, I have fatishied myfelf that 
the cochineal colours, dyed with the murio-ful- 
phuric folution of tin, are in every refpect at 
Jeaft as durable as any which can be dyed with 
any other preparation of that metal; and they 
even feem to withftand the action of boiling foap 
fuds fomewhat longer, and therefore I cannot 
avoid earneftly recommending its ufe for dying 
rofe and other cochineal colours, as well as for 
compounding a fcarlet with the Quercitron 


bark. 


I have thus freely given the refults of a mul- 
titude of experiments, which have coft me fome 
money, with not a little time and meditation; 
and I have given them without the leaft idea of 
ever claiming any kind of remuneration from the 
public; and though it may be fome time before 
the truth and importance of what I here offer 
are fully recognized, I] am confident this will 
happen fooner or later; and by putting it into 
every one’s power to bring my ideas to the 


teft 


300 PHILOSOPHY OF 


teft of experience, I fhall have at leaft done my 
duty. 


It remains, however, yet for me to commu- 
nicate the effects of a confiderable number of 
earthy and metallic bafes upon the colouring 
matter of cochineal, which I fhall ftate as briefly 
as poffible, omitting all detail refpecting propor- 
tions and modes of conducting the dying ope- 
rations, which are to be underftood as having 
been conformable to the common practice where 
nothing is mentioned to the contrary. 


Woollen cloth, dyed with cochineal and ni- 
trate of tin, produced a fine crimfon, and this, 
boiled in the fame liquor with tartar, was changed 
to a good fcarlet. A fimilar, but rather better 
effect was produced by tin diffolved immedi- 
ately in a mixture of aqua-fortis and tartar. The 


fcarlet given by this tartaro-nitrate of tin ap- 
peared highly beautiful. 


Tin put into aqua-fortis, with a confiderable 
portion of refined fugar, afforded a very thick 
adhefive. folution, which aflumed a_ blackifh 
brown colour, like that of durnt /ugar, and be- 
ing tried as a mordant in dying, it was found in- 
capable of fixing the cochineal or any other co- 
jours. The tin inthis ftate did not feem fitted 
to combine with the fibres of the cloth, and the 
fugar had manifeftly fuffered a kind of com- 
buftion. Spirit of wine, put with tin into aqua- 
fortis, alfo rendered the folution unfit to combine 
with wool, or ferve as a mordant. 


Tin, 
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Tin, calcined with an equal quantity of falt- 
petre in a red-hot crucible, being thrown into 
water, afforded a milky folution, tafting very 
fenfibly of the alkaline part of the falt-petre, 
and evidently fufpending a confiderable portion 
of the metallic calx. Cloth boiled in water 
with fome of this folution, then rinced, and dyed 
with cochineal, took a crimfon, inclining to the 
purple ; and this, boiled in the fame liquor with 
tartar, was changed to fcarlet. 


I poured two pounds of aqua-fortis, with an 
equal weight of water, upon a large quantity of 
granulated tin, and leaving them together dur- 
ing the three f{ummer months of 1790, I after- 
wards found near a pound of the calx of tin col- 
lected in lumps at the bottom of the glafs veffel. 
This being feparated and dried, fome of it was 
finely powdered and thoroughly wafhed; then 
putting it with an equal weight of cochineal into 
water, I boiled cloth therein, which took a full 
equal crimfon, fomewhat deficient in brightnefs. 
Tartar being added to the liquor, and the cloth 
farther boiled therein, it became of a good fcar- 
Jet. Lemon juice, ufed inftead of tartar, pro- 
duced the like effet. By fubf tituting cauftic 
volatile alkali for tartar and lemon juice, a crim- 
fon, greatly inclining to purple, was produced. 
The oxide of tin, therefore, does not act in all 
cafes merely as fuch, but its effects often depend 
on triple, quadruple, and fometimes even more 
complex combinations, in which different faline 
and other parts of the compound remain perma- 
nently united, at leaft where the fhades of co- 
Jour depending on them are found permanent. 
dt is thus that fea-falr, and other purely faline 

matters, 
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matters, which having no earthy or metallic 
bafis, cannot become the bafis of any adjec- 
tive colour, produce Jafing effeCts in modi- 
fying and varying the complexions of different 
colours. 


It muft, however, be obferved, that though 
the calx of tin, after being thoroughly wafhed 
and dried, was capable of dying a crimfon on 
woollens with cochineal, and a fcarletr, where 
either tartar, lemon juice, or Quercitron bark 
were added, it would not permanently combine 
with or beeome the bafis of thefe colours upon 
cotton ; and indeed on woollen it was only the 
finer particles of the calx which really combined 
with the colouring matter and the wool, the 
proffer being always diftin@ly found at the bot- 
tom of the dying veffel ; and when I attempted 
to impregnate woollen cloth with the oxide of 
tin feparately, by boiling them togtther, I al- 
ways found, on rincing the cloth, and endea- 
vouring to dye it with cochineal in a different 
veffel, that the oxide had not penetrated or united 
with the wool, fo as to afford a bafis for raifing 
and fixing the colour, it being neceflary for this 
purpofe that both the oxide and the colouring 
matter fhould be mixed together in the dying 
veffel, and exert their mutual attra€tions for and 
upon each other, before they could be properly 
taken up by the cloth; and this was done better 
after they had been previoufly mixed and left to- 
gether for feveral hours. 


One ounce of the calx of tin before men- 
tioned, unwafhed, being diffolved in three ounces 
of muriatic acid, and woollen cloth being dyed 

9 with 
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with a tenth of its weight of this folution, and a 
twentieth of cochineal, it took but a very lan- 
guid pale red colour. The calx of tin, which 
was immediately decompofed upon its intermix- 
ture with water, manifeited very little difpofition 
to penetrate or combine with the fibres of the 
wool ; and after long boiling the greater part of 
it, and of the colouring matter, remained fuf- 
pended in the dying liquor. Nearly fimilar ef- 
fects refulted from a folution of tin by the oxy- 
genated muriatic acid. 


Cochineal with a folution of tin by muriatic 
acid, dyed a beautiful crimfon; and with a fo- 
lution of that metal, by a mixture of tartar and 
muriatic acid, a beautiful fcarlet. 


Cochineal with tin diffolved by muriatic acid 
and the acid of tar mixed, produced a dark 
crimfon; and with tin, and a little manganefe 
diffolved in muriatic acid, it produced a very 
bluifh crimfon. 


Cochineal with tin diffolved by muriatic acid 
and borax mixed, dyed a very good crimfon. 


Cochineal with tin calcined by the long con- 
tinued action of fulphuric acid, dyed a falmon 
colour; and with a recent folution of tin it pro- 
duced a reddifh falmon colour, inclining a little 
to the crimfon. A like colour was produced with 
tin diffolved by equal parts of fulphuric and ni- 
tric acids mixed. 


Oil of vitriol having been poured upon tartar 
and granulated tin, the mixture immediately be- 
came 
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came black, by the action of the fulphuric acid 
upon the Aechouic bafis, which, with hydrogene 
and oxygene, are the conf Giincnbs of. tartar, 
Cloth dyed with a tartaro-{ulphuric folution of 
tin thus made, and cochineal, took an aurora 
colour. 


Tin diffolved by the pure acid of tartar, fepa- 
rated from its alkaline bafis, (by the means 
ufually employed for that purpote,) dyed with 
cochineal on cloth a very. beautiful fcarlet, in- 
clining a little to the aurora. A fimilar colour 
was produced by water faturated with cream of 
tartar, in which granulated tin had been kept fix 
weeks. 


Tin very readily diffolves by pure citric acid, 
and even by lemon juice; and the folution newly 
made, dyes with cochineal a moft beautiful {car- 
let, inclining, like the preceding, a little to the 
aurora. Indeed, I have repeatedly found that 
the citric acid with tin, aéts at leaft as efficaci- 
oufly as that of tartar in yellowing the cochi- 
neal crimfon. Nothing can exceed the beauty 
of fcarlet dyed with the citrate of tin. 


Granulated tin, diffolved by ftrong vinegar, 
acquired a very particular, and fomewhat of an 
unpleafant fmell; and with cochineal it dyed 
cloth of a fcarlet, inclining a little to the crim- 
fon colour. 


Tin diffolved by acid of tar produced with 
cochineal a colour between the {carlet and crim- 
fon fhades. 


Phof- 
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Phofphoric acid produced a _ permanently 
tranfparent and colourlefs folution of tin; and 
this (phofphate of tin) with cochineal dyed an 
aurora colour. 


Tin diffolved by fluoric acid, produced with 
cochineal a very good {carlet: 


Such were the effects produced on woollen 
cloths by different preparations of tin, as bafes 
for dying with cochineal. With other bafes, 
cochineal gave the following colours to wool, 
viz. 


With nitro-muriate of platina, a red; which, 
by the addition of chalk, became a chefnut co- 
lour. 


With nitro-muriate of gold, a reddifh brown. 


With nitrate of filver, a dull red; and with 
muriate of filver, a lively reddifh orange. 


With the acetite of lead, a purple, inclining 
to the violet; and with nitrate of lead, a deli- 
cate lively colour, between the red and cinna- 
mon, but inclining moft to the former. A lit- 
tle murio-fulphate of tin, added to the liquor in 
which this laft was dyed, foon changed it to a 
good crimfon. 


With either the fulphate, nitrate, muriate, or 
acetite of iron, cochineal produces a dark vio- 
let, and even a full black colour, when employed 
in fufficient quantity. 

All the preparations of copper appear to fad- 
den and debafe the colouring matter of cochi- 
neal; and all thofe of mercury, which I have 
tried, do this in much greater degrees; moft of 

4 them, 
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them, whilft they debafe the colour, feem to an- 
nihilate a confiderable part of it. 


With nitrate of zinc, cochineal dyed a lively 
{trong lilac colour ; and, 


With murigte of zinc, a colour like the pre- 
ceding, but inclining a little more to the pur- 
ple. Probably the iron ufually contained in 
zinc may have contributed in thefe inftances to 
incline the cochineal crimfon fo much to the 
blue or violet fhades, fince a purer oxide of 
zinc, the lapis caliminaris, being diffolved in 
muriatic acid, dyed (with cochineal) a fcarlet 
but very little inferior to that commonly pro- 
duced with the nitro-muriate of tin and tartar ; 
and upon adding a little murio-tartrite of tin to 
the dying liquor, it foon produced a very beau- 
tiful fcarlet. The pure oxide of zinc there- 
fore feems to approach neareft to that of tin, in 
exalting the colouring matter of cochineal. 


With different folutions of bifmuth, cochineal 
produced various fhades of lilac; fome of them 
very lively and delicate; but all preparations of 
this femi-metal, inftead of difplaying and exalt- 
ing the cochineal colour, tended to render a 
part of it latent. The oxide of bifmuth, dif- 
folved in ftrong vinegar, did this lefs than mof 
of the other preparations; it dyed with cochi- 
neal a pretty good purple, and the murio-ful- 
phate of bifmuth, a falmon colour. 


With nitrate of cobalt, cochineal dyed a good 
purple. 


With nitrate of nickle, a dark lilac, inclining 
to the violet. 


With 
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With fulphate of manganefe, an orange; and 


With the nitrate of manganefe, a colour re- 
fembling the madder red. 


With crude antimony, diffolved by nitric acid, 
cochineal dyed afcarlet very much like that dyed 
with lapis caliminaris diffolved by muriatic acid, 
and very little inferior to the beft fcarlets given 
with the tin bafis; and 


With Macquer’s arfenical neutral falt, or the 
acidulous arfeniate of pot-afh, cochineal dyed a 
lively good purple. 


Such were the effects of different metallic 
bafes in dying with cochineal on woollens. It 
remains for me fhortly to offer a few obferva- 
tions on the effects of-the feveral kinds of earths, 
as bafes for the cochineal colouring matter upon 
wool. 


The ufe of fulphate of alumine, or common 
alum, for this purpofe, is well known. The 
alumine, or earth of alum, (obtained by decom- 
pofing and precipitating it by pot-afh from wa- 
ter, faturated with alum,) when thoroughly 
wafhed, dried, and finely powdered, did not 
feem capable, in repeated trials, of fixing or 
ferving as a bafis of the cochineal colour on 
wool. In this refpect it differed materially from 
the powdered calx of tin. 


The fame powdered alumine, however, be- 
ing boiled up with cream of tartar, was fo far 
diffolved by its acid, ghat with cochineal it dyed 
a good crimfon, though not much better than 

X 2 what 
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what may be produced’ with the fulphate of 
alumine. 


The fame powdered earth of alum, diffolved 
by lemon juice, dyed with cochjneal a very good 
rich full crimfon. 


The fame powdered earth of alum, diffolved 
by nitric acid, (and forming nitrate of alum- 
ine,) produced a good red, inclining to the 
crimfon. 


The fame diffolved in muriatic acid (mu- 
riate of alumine) dyed a crimfon, differing but 
little from that produced with common alum. 


Lime water, with cochineal, dyed a purple, 
which took but flowly, and required long boiling. 


Sulphate of lime, or lime diffolved by ful- 
phuric acid, dyed a full dark red. 


Nitrate of lime, or hme diffolved by nitric 
acid, dyed a lively red, approaching to fcarlet, 


Muriate of hme, with cochineal, dyed a purple. 


Cloth boiled in water with nitrate of lime, and 
then dyed in clean water with cochineal and tin, 
diffolved by aqua-fortis and tartar mixed, re- 
ceived a good {carlet. 


Cloth boiled with chalk and alum, and then 
dyed in clean water with cochineal, took a good 
crimfon, inclining to the bluifh fhade. 


Sulphate 
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Sulphate of barytes, or ponderous fpar, not 
being foluble in water, could not be tried. 


Muriate of barytes, or the earth of ponderous 
{par combined with muriatic acid, as a bafis for 
the cochineal colour, dyed a goed lively pur>y 
ple; and 


Nitrate of barytes dyed a colour nearly fimi- 
Jar, but inclining a little more to the crimfon. 


Magnefia alone did not combine fufficiently 
with the fibres of cloth, and with the colouring 
matter of cochineal, to ferve as a bafis for dying. 


But magnefia diffolved by fulphuric acid, 
(forming Epfom falt,) dyed a lively purple 
with cochineal, though it took but flowly, and 
required long boiling ; and acetite of magnefia 
dyed a lilac colour, 


The filiceous earth, or powdered flints dif- 
folved by a violent heat in a crucible with pure 
cauftic alkali or pot-afh, was tried as a bafis for 
the cochineal colour. At firft the fibres of the 
cloth did not feem to have fuffictent attraction 
for the filiceous bafis and the colouring matter, 
to attach and fix them properly ; but on adding 
a little fulphuric acid, fo as to decompofe and 
neutralize a part of the alkali, which had dif- 
folved and was combined with the filiceous earth, 
the colour took freely, and rofe to a full rich 
pleafing purple, in which the red or crimfon pre- 
dominated confiderably ; and this colour after- 
wards proved fufficiently durable. 


X 3 It 
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It appears, therefore, that befides the me- 
tallic oxides and folutions, all the different kinds 
of earth, 7. ¢. the aluminous, calcareous, ind 
filiceous, together with thofe of magnefia, ind 
of barytes or ponderous fpar, are capable of ‘ix- 
ing and ferving as bafes of the cochineal colour- 
ing matter ; and we fhall hereafter find, that they 
are capable of doing the fame to other adjec- 
tive colours; a fact never before afcertained, 
though of great importance, as well in refpect 
of the practical improvements which it may 
produce, as of the general principles and con- 
clufions to which it may lead us on this 
fubject. 


I have repeated nearly all ‘the foregoing ex- 
periments with filk, inftead of wool, and gene- 
rally with effects lefs adyantageous. Cochineal in- 
deed, with the aluminous bafis, dyes the crimfon 
colour as well and as durably on filk as on wool, 
and the modes of producing a very lafting crim- 
fon by thefe means are well’known. The ox- 
ides or folutions of tin, however, do not fix and 
refle& the cochineal colour on filk ‘with the fame 
degree of fullnefs and luftre as upon wool; pro- 
bably becaufe the former of 'thefe fubftances has 
lefS attraction than the latter, ‘for the calx of tin 
and the colouring matter of cochineal combined 
together ; and it has therefore been found im- 
poffible to dye a good lively fcarlet on filk by 
the means which communicate that colour to 
wool. 


The late Monf. Macquer indeed, about thie 
year 1768, pretended to have difcovered ‘the 


means of dying a fcarlet upon filk by a procefs 
which 


PERMANENT COLOURS, &c. 311 


which he publifhed in the Memoirs of the Royal 
Academy of Sciences for that year. Accord- 
ing to that procefs, he began by dying the filk 
firft of a yeliowifh orange colour, with annotta 
applied in the ufual way; then he foaked it for 
half an hour in a diluted folution of tin, made 
by a mixture of two parts of the nitric, with one 
of the muriatic acid; after which the filk was 
taken out, moderately prefled, and rinced in 
clean water, though he afterwards found it bet- 
ter toomitthe rincing. To dye the filk, when 
thus impregnated with nitro-muriate of tin, he 
prepared a bath, by boiling from two to four 
ounces of cochineal, and a quarter of an ounce 
of cream of tartar, for each pound of filk, fome 
minutes in water; after which he added cold 
water, until the heat of the liquor was reduced 
to what the hand could bear, and then put in 
the filk, and dyed it as ufual, gradually raifing 
the heat of the dying liquor, fo as at laft co make 
it boil for afingle minute. I have feveral times 
repeated this procefs, but always found the co- 
Jour produced by it very inferior to the {carlets 
ufually dyed on woollen cloth; and Mr. Ber- 
thollet informs us, that this was alfo the cafe at 
the trials which Mr. Macguer himfelf made of 
his procefs at the dye-houfe of the Gobelines ; 
and in truth there was nothing of any import- 
ance in Mr. Macquer’s fuppofed difcovery. It 
feeras indeed to have been chiefly barrowed from 
a procels publifhed by Schele in 1751, except- 
ing fo far as relates to the colour firft given with 
annotta, and excepting a difference in the pro- 
portion of muriatic acid for diffolving the tin; 
a difference, however, which did not render the 
folution in any refpect more efficacious, 


A 4 If 
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If the murio fulphuric folution of tin, herein 
before defcribed, be diluted with about five 
times its weight of water, and filk be foaked in 
it for the fpace of two hours, then taken out, 
moderately {queezed or preffed, afterwards partly 
dried, and then dyed as ufual in a bath prepared 
with cochineal and Quercitron bark, in the pro- 
portion of four parts of the former to three of 
the latter, it will receive a colour approaching 
very much to a fcarlet; and this may be made 
to receive more body by a farther flight immer- 
fion into the diluted murio-fulphate of tin, and 
a fecond dying in the bath from cochineal and 
Quercitron bark; and if afterwards a little of 
the red colouring matter of fafflower be fuper- 
added by the ufual mode of applying it, a good 
fcarlet may be produced. By omitting the 
Quercitron bark, and dying the filk (prepared 
as before mentioned) with cochineal only, a 
very lively rofe colour will be produced; and 
this may be yellowed fo as nearly to approach 
the fcarlet, by adding a large proportion of tar- 
tar to the cochineal in the dying veffel, 


With lime water as a mordant, cochineal gave 
to filk a very agreeable purple ; with muriate of 
barytes, a lively delicate lilac colour; with mu~ 
rio-fulphate of bifmuth, a falmon colour; and 
with nitrate of cobalt, a very lively and beautiful 
purple; with nearly all the other metallic and 
earthy bafes, cochineal produced fimilar but 
paler colours on filk than on wool, 


Refpecting cotton, my readers will recollect 
that I have already (at page 195) noticed the 
Jittle attraction which this fubftance exerts upon 

the 
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the cochineal colouring matter, united with the 
folutions or oxides of tin. To illuftrate this, 
Monf. du Fay caufed a piece of cloth to be ma- 
nufa@tured from a mixture of wool and of cot- 
ton, which having undergone the ufual procefs 
for dying fearlet, became, as he defcribes it, 
‘< marbrée de couleur de feu & de _ blanc,” 
(marbled with white and fire colours,) the cot- 
ton remaining perfectly white, though the wool 
was dyed fcarlet; and he found a like want of 
attraction between cotton and the colouring mat- 
ters of kermes, gum lacca, &c. He moreover 
found that a fkain of white woollen yarn, and 
another of cotton, being at the fame time, and 
in an equal degree, fubmitted to the action of 
the fame preparation and dying liquors which are 
commonly employed for {carlet, the woollen 
yarn received the moft beautiful fcarlet, or, as he 
terms it, ° fire colour,” whilft the cotton re- 
mained as white as at firft*. Similar effects 
have frequently occurred to me, and I have 
clearly perceived them to arife, not becaufe the 
cotton is not capable of imbibing the {carlet 
dye, but becaufe, having a weaker attraction for 
it than that which wool exerts on the particles 
of that dye, the latter draws and exclufively ap~ 
propriates to it/elf allthe colour contained in the 
dying liquor; though when cotton is fubjeCted to 
the fame procefs by itfelf, freed from the inter- 
ference of a fuperior attraction from wool, it 
takes a fcarlet colour, as I know by repeated 
trials, more flowly indeed, and paler, than that 
which is ufually imbibed by woollen cloth, It 
is, perhaps, owing to this weaker attraction be- 


* See Mem. de l’Acad. R® des Sciences, &c. 1737- 
twoen 
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tween the fibres of cotton and the fcarlet dye, 
that the latter is fo much lefs permanent oa 
cotton than on wool; and it is alfo from this 
want of fufficient attraction, that the cochi- 
neal colour is found to take moft beneficially 
on cotton, when the bafis has been fir/? applied 


Separately. 


_ Scheffer, in 1751, recommended the dying 
of fcarlet on cotton in this way, by firft foaking 
it in a diluted nitro-muriate of tin, and after- 
wards dying it with cochineal ; but the colour 
being fugitive, little or no ufe was ever made of 
the procefs; though the late Dr. Berkenhout 
probably availed himfelf of it fome years after- 
wards, when he pretended to have difcovered 
the means of dying “ fearlet, crimfon, and 
<< other colours, upon cotton and Jinen;” and 
though his procefs was not materially different 
from that of Scheffer, nor in any refpect prefer- 
able to it, he found means to obtain 5000). 
fterling from the Britifh government, as a re- 
ward for making it public *. But asno ufe ever 


has 


* Dr. Berkenhout’s procefs having, I believe, never 
been publifhed, I fhall fubjoin the account of it, which was 
<< communicated by order of the Lords of the Treafury to 
«« the Company of Dyers inthe City of London, the 26th 
«* of Auguit 1779 ;”’ viz. 


«¢ Cotton or linen, either in yarn,or piece, fhould be per- 
fectly wet with hot water, and then wrung out, as is the 
common practice. 


“«¢ This being done, it muft be perfectly foaked in a folu- 
tion of tin, diluted with an equal quantity of clear foft 
water. 


‘© The cotton or linen being fo far prepared, muft be 
wrung out, but not forcibly ; then it is to be nearly dried, 
laying 
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has been, or is likely to be made of this fup- 
pofed difcovery, I muft hope, and indeed J 


laying horizontally upon a hurdle, with a double linen 
fheet between, and covered with the fame. 


The folution of tin being forfcarlet, muft be made of 
nitrous acid, and not of eniteie ; but for crimfon, aqua- 
fortis muft be ufed; and the bloom is to ‘be given, after it 
comes out-of the dye, by a fimall quantity of fal-ammoniac 
and pearl afhes diffolved peniottly m warmiwater ; ‘but this 
water muft not be more than milk-warm. 


« The colouring vat, for the!fcarletior crimfon, is fimply 
cochineal in water, no!hotter than the hand will bear ; and 
as vegetable matter receives only the {mall particles of the 
colour fromthe nature of its pores 5 ; ‘two-ounces toa pound 
of the materials: dyed may be-neceffary ; but-cottonior linen, 
frefh prepared, will draw from the fame vat, heated as ‘be- 
fore, all the:inferior fhades from fcarlet and crimfon; and 
if any colour ftill remains in the vat, it may be taken out 
entirely by wool prepared in the ufual manner, 


<‘ The fame preparation of .tin ferves for the green and 
yellows, with the'fame materials only that #re employed by 
dyers, ‘exceptithe beft yellow, which zis produced 'from, tur- 
maric *, 


<< Its neceflary to obferve, that:afcer theypreparation has 
been made ufe of for fcarlet or csim{on, the -refidue.con- 
tinues fufliciently ftrong for Aha or yellows, even after it 
has ‘been kept a confiderable time 


“«©N. B. To make the bet éSlation of @in with nitrous acid, 
it is neceflary to'have the ftrong fmoaking fpirit, to-which 
an equal quantity of the parett river water mult be added, 
and the proportions of the following ing redients are to the 
weight of {pirit, ;'; of fal-ammoniac, 7’; refined nitre dif- 
folved by little at a time; in this aqua-regia diffolve ¢ of 
granulated tin alfo by {mall anid to prevent’too great 
an ebullition, which would weaken the foiution confiderably. 
The ingredients and proportions .are -the fame, when'a {o- 
lution.is to be made with aqua-fortis ; but that fpirit in ge- 
neral will not bearany water when a perfect fo lution is in- 
tended.”’ 


* Nething cambe more erroneous than this and feveral of Dr. Berkene 
isout’s other obferyations. 
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think it probable, that the Doctor had fome 
better claim to a national remuneration, though 
from particular confiderations it was not brought 
into public view. 


Befides the fugitive nature of the fearlet dyed 
by Dr. Berkenhout’s procefs, which indeed is 
calculated to produce only a crimfon, and not a 
fearlet, unlefs fome yellow colour be fuperadded 
by other means, (which he does not mention,) 
it is liable to injure the texture of the cotton or 
linen dyed with it, becaufe the nitric calx of tin, 
applied as the bafis, conftantly abforbs oxygene 
from the atmofphere, and becomes corrofive, 
whereas, in the prefent cafe, this effect can- 
not be counteracted by occafional wafhings with 


foap. 


Mr. Henry fays, that * if a fcarlet could be 
«~ dyed without the ufe of nitrous acid, the tin 
«¢ bafis might be employed for this purpofe on 
“‘ cotton; but that acid being requifite for the 
© production of this beautiful colour, and being 
‘ highly corrofive to colours, this bafis is pre- 
«* vented from being applied to that fubftance.” 
—Here this ingenious chymift appears to have 
fallen into the univerfal error of believing, that 
nothing but a folution of tin by nitric, or ni- 
trous acid, can dye ‘a fcarlet colour with ca- 
chineal. 


a 


a 


If notwithftanding the want of fufficient per- 
manency in the fcarlet colour dyed with cochi- 
neal upon cotton, it fhould be deemed proper to 
apply it to that fubftance, the beft way of doing 
this which I have yet found, is, to foak the cot- 
ton 
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ton (previoufly moiftened) for about half an 
hour in a diluted murio-fulphuric folution of 
tin, as propofed for filk; then wring or prefs out 
the fuperfluous part of the folution of tin, and 
plunge the cotton into water, in which as much, 
or nearly as much, clean pot-afh has been dif- 
folved, as will neutralize the acid ftill adhering 
to the:cotton, fo as thereby to decompofe the 
oxide of tin, and caufe it to be more copioufly 
depofed or fixed in or upon the fibres of the cot- 
ton, which being afterwards rinced in clean wa- 
ter, may be dyed with cochineal and Querci- 
tron bark, in the proportions of about four 
pounds of the former to two and a half or three 
pounds of the latter. A full bright colour may 
be given to cotton in this way, which will bear 
a few flight wafhings with foap, and a confider- 
able degree of expofure to air. Indeed the yel- 
low part of the colour obtained from Quercitron 
bark will even bear long boiling with foap, as 
well as the application of {trong acids without 
injury. 


Cotton impregnated or printed with the 
aluminous mordant, as commonly applied by 
calico-printers for madder reds, will, if dyed 
with cochineal, receive a very beautiful crimfon 
colour, capable of bearing feveral wafhings, and 
of refifting the weather for fome time, though 
not long enough to deferve the appellation of a 
faft colour. I think, however, that it is advanta- 
geous for calico-printers, in dying madder reds 
upon the finer cottons or muflins, to add alfo a 
little cochineal, the crimfon colour of which 1s ad- 
mirably calculated to overcome the brownifh 

yellow 
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yellow hue that degrades all madder reds, and 
arifes from a portion of that particular colour- 
ing matter which produces the fauve or fawn co- 
lour hefein-before mentioned, and which un- 
fortunately always exifts in madder. By this 
addition, the madder reds are rendered much 
more beautiful, fo long as any part of the cochi- 
neal crimfon remained, and afterwards they are no 
worfe than if it had never been applied, 


Cotton printed with iron liquor takes a very 
full black when dyed with cochineal, but I found 
this lefs durable than the fame colour dyed from 
much cheaper matters. A great variety of other 
colours may be dyed upon cotton impregnated 
with different metallic or earthy bafes; but as 
better colours may be more cheaply given by 
other means, I fhall offer no farther explana- 
tions refpecting them. 


A ftrong decoétion of cochineal, thickened 
with gum, and mixed with a fuitable proportion 
of nitrate of alumine, being penciled upon cot- 
ton as a pro-fubftantive colour, afforded a very 
full beautiful crimfon, which ftood fome wafh- 
ings, and a confiderable degree of expofure to 
weather. Several of the different. folutions of 
tin being employed, inftead of the nitrate of* 
alumine, produced very beautiful reds between 
the crimfon and fearlet, and by a {mall pro- 
portion of Quercitron bark they were made fcar- 
let. Thefe colours indeed cannot be called faft 
colours, but they are much more lafting than 
feme of the fugitive colours too often uled by 

calico- 


PERMANENT COLOURS, &c. 319 
calico-printers, particularly the yellows from 
French berties. 


Having at this time nothing more to offer re- 
fpecting animal adjective colours, I fhall next 
proceed to the vegetable, beginning with the 
yellow. 


© HAP. XI 


Of the Properties and Ujfes of Quercitron Bark. 


7 


<< Tl n’y a pas de proprieté plus refpectable que les de- 
<¢ couvertes de |’induitrie.”’ 
BerTHOLLet, Ann. de Chymie, tome Vi. 


HE Quercitron bark is produced by the 

Quercus nigra of Linnzus, which might 
now be more properly denominated Quercus 
tinctoria; and is one of the objects of a difco- 
very, of which the ufe and application for dy- 
ing, calico-printing, &c. are exclufively vetted 
in me, for a term of years, by an aét of par- 
liament paffed in the 25th year of his prefent 
Majefty’s reign. 


The bark of this tree appears to confift of 
three parts or coats. 


tft, The epidermis, or external coat, throug! 
which the feveral excretions of the tree are tranf- 
mitted, which in part at tea{t adhere to its outer 
futface, where they harden, and become almoft 
7 black, 
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black, by condenfation, and probably by an ab. 
forption of oxygene; and hence the Linnzaa 
denomination has originated, that great natu- 
ralift having had no knowledge of the properties 
of this bark in dying. 


4d, The middle or cellular coat, in which the 
colouring matter principally refides ; and, 


3d, The interior or cortical part, confifting 
chiefly of lamina, formed by the re-union of 
different veffels, which become more hard and 
fibrous, as they are placed neareft to the woody 
part of the tree, and have therefore lefs room to 
contain the colouring matter. 


The epidermis, or exterior blackifh coat, of 
this bark, affords a yellow colouring matter, 
which however is lefs pure, and more inclined 
to a brownifh hue, than that of the other coats 
or parts; and it ought therefore to be feparated 
by fhaving. When this is done, and the re- 
maining cellular and cortical parts are ground 
by mill-ftones, they will feparate partly into a 
light fine powder, and partly into ftringy fila- 
ments or fibres, which laft yield but about half 
as much colour as the powder, and therefore 
care fhould be always taken to employ both to- 
gether, and as nearly as poffible in their natural 
proportions, otherwife the quantity of colour 
produced may either greatly exceed or fall fhort 
of what is expected. The Quercitron bark thus 
prepared and proportioned will generally yield 
as much colour as eight or ten times its weight 
of the weld plant, (Refeda luteola, Lin.) and 
as much as about four times its weight of the 

; chipped 
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chipped old futtic (Morus tinctoria, Lin.): but 
the colouring matter of the bark in its nature 
and properties moft nearly refembles that of the’ 
weld plant; with this advantage however, that 
it is capable alone of producing more cheaply all 
or very nearly all the effects of every other yel- 
low dying drug; and, moreover, fome effects 
which are not attainable by any other means yet 


known. 


The Quercitron colouring matter may be rea- 
dily extracted by water, even when it is only 
blood warm ; but if the infufion be ftrained and 
left at reft, a {mall portion of refinous matter will 
feparate and fubfide in the form ofa whitifh pow- 
der, capable of giving colours fimilar to thofe 
of the non-fubfiding parts or particles.. The 
clear infufion being evaporated, will afford an 
extraét which, when completely dried, has, I 
think, commonly weighed as much as about one 
twelfth of the bark from which it was obtained, 
and yields nearly as much colour as the whole of 
the bark. But it has been found very difficult 
to make this extract in any large quantity, fo as 
to render it capable of giving colours equal or 
nearly equal in beauty to thofe obtained direéily 
from the bark itfelf; becaufe if the evaporation 
be rapidly performed, with a confiderable de- 

ree of heat, the colour always becomes tarnifhed, 
probably by a combination of Oxygene, pro- 
ducing effects fimilar to thofe of a flight com- 
buftion;, and if the evaporation be conducted 
flowly, the colouring matter fuffers greatly by 
another change like that to which the decoction 
of weld is always liable, and by which it ufually 
{poils by keeping, even in lefs than 24 hours, 


¥ ‘There 
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There are feveral varieties of the Quercus ni- 
gra, all containing a portion at leaft of the fame 
ipecies of colouring matter; but fome of them, 
(particularly the Quercus nigra digitata, and the 
Quercus nigra trifida, both of Marfhal,) which, 
belides the yellow, contain a fpecies of the fauve 
or fawn colour, which tarnifhes the yellow, and 
in calico-printing occafions another bad effect, 
that of {taining thole parts of the cotton or linen 
intended to be kept white, fo as to make the 
bleaching of them afterwards very difficule. The 
barks of thefe laft mentioned varieties have fre- 
quently been mixed with that of the better fort, 
and fometimes in confiderable quantities, 
(through the ignorance or the inattention of la- 
bourers employed in the collection, ) fo as to bring 
difcredit upon this new and truly valuable dying 
drug: but there is reafon to hope, that fuch im- 
proper mixtures will hereafter be avoided, in 


confequence of the very particular inftructions 
which have been given for that purpofe. 


The decoction of Quercitron bark appears to 
be of a yellowifh brown colour, which is darkened 
by alkalies, and rendered lighter by acids; al- 
lum diffolved in it, feparates but a frnall portion 
of the colouring matter, which fubfides in the 
form of a deep yellow precipitate. Either the 
muriate, the nitro-muriate, or the muric-ful- 
phate of tin, mixed with a decoétion of the bark, 
produces an exceedingly beautiful lively yellow, 
and occafions a much more copious precipitation 
than the allum; probably becaufe the calx of tin 
unices with the colouring matter in a much larger 
proportion. 


Sulphate 
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Sulphate of iron diffolved by a decoétion of 
this bark, produces a copious dark olive preci- 
pirate, and the clear fupernatant liquor remains 
of a light olive green. 


Sulphate of copper in the like decoction, oc- 
cafions a precipitation which is of a yellow in- 
clining to the olive, and leaves the fupernatant 
liquor of a yellowifh green. 


The effects of other bafes and chymical! agents 
upon the colouring matter of the bark, fo far as 
they appear of any importance, will be difco- 
verable from the following account of its various 
ufes in dying and calico- printing. 


Of the Application of Quercitron Bark for the 
Dying of Wool and Woollen Cloths with an 
Aluminous Bafis. 


WOOL, and the cloths or ftuffs made from 
it, ought, in all cafes, to be fcoured before they 
are dyed, in order to feparate a kind of greafe 
with which the fibres are naturally covered. This 
is ufually done by immerfing the wool or cloth 
for about a quarter of an hour in ftale urine, di- 
luted with three times as much water, and kept 
nearly of a fcalding heat; it is afterwards to be 
thoroughly rinced in clean water, and then dyed 
without any previous drying, that the colour may 


apply itfelf more equally. 


Alumine, or the earth of alum, precipitated 
by clean potafh, and repeatedly wafhed in pure 
water, being boiled with Quercitron bark, rea- 


Y 2 dily 
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dily united with its colouring matter, and pro- 
duced a yellow inclining very much to the golden 
or, as it is called, the yo/key hue; and woo} 
boiled in this mixture for the fpace of half. an 
hour, took a brownifh yellow, which, however, 
feemed to have been but fuperficially applied, the 
earth of alum in its undiffolved ftate, not being 
able fufficiently toenter the pores of the waol 
even when they are diftended by boiling water. 


The earth of alum diffolved by the vegetable, 
the foffil, and the volatile alkalies feparately, as well 
in their mild as in their cauftie ftates, was found 
to dye yellow colours of different fhades, with 
the Quercitron bark upon wool ; but they were 
all inferior to thofe given by the fame bafis (alu- 
mine) when diffolved by acids. 


Thecheapeft and moft fimple method of apply- 
ing the Quercitron colour upon wool, is that of 
boiling upthe bark with its weight ora third more 
than its weight of fulphate of alumine (common 
alum) in a fuitable portion of water for about ten 
minutes, and then dying therein the wool or 
cloth previoufly fcoured as before mentioned, 
taking care to give the higher colours firft, and 
the paler ftraw colours afterwards. In this way 
yellows not wanted to be very full or bright may 
be dyed very expeditioufly and cheaply ; and 
they may afterwards be confiderably raifed and 
enlivened, by paffing the wool or cloth unrinced 
a few times through hot water, into which a little 
clean powdered chalk has been previoufly ftirred, 
in the proportion of about a pound or a pound 
and a half of chalk for each roolb. weight of wool 
or cloth. The bark, when ufed in dying, (being 

frit 
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firft ground,) fhould always be tied up in a linen 
bag of a loofe open texture, and fefpended in 
the dying liquor by a cord, with which it may 
be dragged occafionally backwards and forwards 
through it, to extract and fpread the colouring 
matter more equally. 


But when the bark and alum are boiled toge- 
ther and united in this way, the colour does not 
afterwards fixitfelf either fo readily, or fo copioufly 
upon the wool or cloth, as when the aluminous 
bafis has been firft applied feparately in the com- 
mon mode of preparation; and therefore this 
fimple and cheap method of applying the Quer- 
citron colour is only fuited for f{traws and pale 
yellows, efpecially as there is reafon to fufpect, 
that the adjective colours of every kind are not 
fo durable when dyed with an aluminous bafis 
in this way, as when they are dyed upon a like 


bafis previoufly conveyed into and fixed in the 
fubftance which 1s to be dyed. 


As often, therefore, as any thing more thana 
pale yellow is intended to be given from the 
Quercitron bark and the aluminous bafis upon 
wool or cloth, the latter fhould be boiled in the 
common way, but without either tartar or argo, 
for the {pace of an hour or an hour and a quar- 
ter, with about one fixth or one eighth of its 
weight of alum, diffolved in a fuitable quantity 
of water, and then without being rinced it fhould 
be put into a dying veffel, with clean hot water, 
and about as many pounds of powdered bark, 
(tied up in a bag,) as there were ufed of alum 
to prepare the wool or cloth, which is then to be 
turned as ufual by the winch through the boiling 

be liquor 
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liquor, until the colour appears to have taken fuf. 
ficiently ; and then about one pound of clean 
powdered chalk for every 1oolb. of the wool or 
cloth, may be mixed with the dying liquor, and 
the operation continued eight or ten minutes 
longer, when the yellow will have become both 
higher and brighter by this addition of chalk. 


The yellows given in this way from the Quer- 
citron bark, are infinitely better and confidera- 
bly cheaper than any which can be given from 
old fuftic with an aluminous bafis: indeed they 
approach nearly to thofe given by weld with the 
common preparation of alum and tartar, and are 
in every refpect as durable ; though it mutt be 
confeffed, that they have lefs of that lively 
greenifh or lemon hue, for which the weld yel- 
lows are particularly valued : this, however, may 
be readily and cheaply obtained in the utmoft 
perfeétion from Quercitron bark, by means which 
will hereafter be explained. 


Wool or cloth which has been firft properly 
dyed blue in the common indigo vat, may be 
made to receive any of the various fhades of 
green which are ufually given in this way from 
weld, by boiling the blue wool or cloth, (after it 
has been well rinced,) in water with about one 
eighth of its weight of alum, as yuft directed for 
producing a yellow, and afterwards dying it un- 
rinced with about the fame quantity of bark, and 
a little chalk, which fhould be added towards the 
end of the procefs, as already defcribed. Greens 
of lefs body may be dyed with {mailer portions 
of bark and alum, 


Tn 
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In the fame way, cloth which has previoufly 
received the proper fhade of Saxon blue, may 
be dyed of a beautiful Saxon green: it will be 
proper, however, for this purpofe, that the blue 
cloth fhould be firft very well rinced to feparate, as 
far as water will do it, the acid which may have 
been imbibed from the fulphate of indigo, and 
which has a {trong tendency to throw down and 
weaken the Quercitron as well as the weld yel- 
lows. But as mere rincing in water will feparate 
only a fmall part of this acid from the cloth, 
(with which it combines in a certain degree,) it 
will be proper to add about three pounds of 
chalk, with ten or twelve pounds of alum, for 
the preparation liquor of roolb. weight of cloth, 
which is to be turned and boiled as ufual for 
about an hour; and then, without changing the 
liquor, ten or twelve pounds of bark powdered 
and tied up in a bag, may be put into it, and 
the dying continued, taking care frequent- 
ly to agitate the bag, in order that the co- 
Jour of the bark may fpread equally through the 
liquor. It will be found, however, that the yel- 
low will manifeft itfelf but flowly in this way by 
reafon of the fulphuric acid imbibed with the blue 
colour, joined to that of the alum in the prepa- 
ration liquor, which. the portion of chalk before 
mentioned will not have been fufficient to over- 
come; and, therefore, when the dying with bark 
has continued about fifteen minutes, it will be 
proper to add another pound of clean pow- 
dered chalk, ftirring it well through the liquor, 
and to repeat this addition afterwards once, twice, 
and even three times at intervals of fix or eight 
minutes, if the colour does not rife fufficiently 
without it. By thefe additions, the Quercitron 

4 yellow 
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yellow will manifeft and apply itfelf abundantly 
and equally, fo as to produce very beautiful 
greens, which, by varying the proportions of 
indigo as well as of bark and alum, may be va- 
ried at pleafure. The chalk, in this cafe, does 
not merely anfwer the purpofe of decompofing 
the acid left in the cloth by the fulphate of indigo 
and the alum, but by uniting with this acid, it 
becomes a fulphate of lime, and fixes itfelf, in 
part at leaft, as a bafis in the fibres of the cloth, 
where it helps to raife the colour, and alfo to 
render it a little more durable. At prefent the 
Saxon greens are commonly dyed with the old 
fuftic ; becaufe the colour of this wood 1s not 
thrown down by acids fo much as that of the 
bark and weld: and this difference enables the 
dyer, when he has extracted the fuftic colour by 
previous boiling, to mix the fulphate of indigo 
therewith, and “dye the cloth green by one ope- 
ration after it has been prepared as ufual with 
alum and tartar. ‘The procefs, however, which 
I have mentioned for doing this with bark, is full 
as cheap and as expeditious, and the green pro- 
duced will be more beautiful, becaufe the Quer- 
citron yellow is much more bright and clear than 
that of fuftic. 


At pages 210, 213, 212, and 213, I have de- 
{cribed a method of combining the Pruffian blue 
and the Quercitron yellow upon an aluminous 
bafis, fo as to produce a green colour, which I 
had flattered myfelf might be advantageoufly 
employed upon wool: further trials, however, 
have manifeited fo much difficulty in applying 
the colour equally, that I have now but little ex- 
pectation of its being fuccefsfully employed in 

7 this 
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this way, and fhall therefore fay no more of it 
at prefent. 


Durable yellows may alfo be dyed upon wool, 
with either the muriate, the nitrate, or the ace- 
tite ofalumine, but not with any fuperiority of 
colour which could compenfate for the increafed 
expence of thefe aluminous preparations, 


Of the beft Methods of dying upon Wool and 
Woollen Cloths with Quercitron Bark and the 
Jin Bafs. 


In the preceding chapter I have mentioned the 
different effects of fome of the preparations of 
tin in geal. the colour of the Quercitron Bark; 

as well as that of cochineal; and it will be re- 
mem any that for this purpo/e, I found the mu- 
hee ei the murio fulphate of tin, preferable to 


any other of the preparations of that metal; I 
obf inal however, that the former of thefe Kad 
an injurious action upon the fibres of wool and 
cloth, unlefs when fparingly and carefully em- 
ployed, and was therefore lefs proper for general 
ufe than the folution of tin, made by a mixture of 
muriatic and fulphuric acids, as defcribed at 
page 290 of this volume; to which my readers 
will be now pleafed to recur. 


In order to dye roolb. weight of cloth or wool- 
len ftuffs of the higheft and moft beautiful orange 
yellow, only rolb. weight of Quercitron bark, 
and the fame _ weight of murio {ulphate of tin, 
will be required; the bark powdered and tied up 
ina bag, may be firft put into the dying veflel 
with hot water, for the fpace of fix or eight mi- 

nutes, 
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nutes, then the murio fulphate of tin may be 
added, and the mixture well ftirred for two or 
three minutes; ‘after which the cloth, previoufly 
{coured and thoroughly wetted, may be put into 
the dying liquor and turned brifkly for a few mi- 
nutes : the colour applies itfelf in this way, fo 
equally to the cloth, and at the fame time fo 
quickly, that after the liquor begins to boil, the 
higheft yellow may be produced in lefs than 15 
minutes, without any danger of its proving un- 
even. High fhades of yellow, fomewhat ap- 
proaching to thofe dyed from bark in the way jutt 
mentioned, are frequently given with the rhus 
cotinus, (commonly, though improperly called 
young fuftic,) andthe dyers’ {pirit, or nitro muri- 
ate of tin; but the colour fo given, is much lefs 
beautiful and more fugitive, as well as more ex- 
penfive, than that obtained from the bark as juft 
deferibed. 


When a very bright golden yellow, approach- 
ing lefs to the orange, is wanted, feven or eight 
pounds of murio fulphate of tin, with about five 
pounds of alum, and ten pounds of bark will 
fuffice for roolb. of cloth; the bark being: firft 
boiled a few minutes, chen the murio fulphate of 
tin, with the alum, added, and the cloth after- 
wards dyed as juft directed. Purejbright yel- 
lows of lefs body, may be produced by employ- 
ing fmaller portions of bark, murio fulphate of 
tin and po in the fame way: and, indeed, 

all the pofible fhades of pure bright yellow, may 
be given withthe utmoft eafe and certainty byonly 
varying the proportions of thefe ingredients. But 
where it is expedient to give that lively, delicate 
greenifp tinge which, for certain purpofes is fo 
much 
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much admired, and which the weld alone has 


been fuppofed capable of giving; white argol, or 
tartar, mutt be alfo employed with the bark, mu- 
rio fulphare of tin and alum, in different propor- 
tions, according to the particular fhade intended 
to be given. Thus, e. g. for a full bright yel- 
low, delicately inclining to the greenifh tinge, 
it will be proper toemploy about eight pounds 
of bark, and fix pounds of murio fulphate of tin, 
with fix pounds of alum, and four of clean white 
tartar or cream of tartar; a little more alum and 
tartar will render the yellow more delicate, and 
give it more of the greenifh tinge; and where 
this clean, lively, delicate greenifh tinge is wanted 
in the greateft poffible perfection, it will be pro- 
per to ufe the bark, murio fulphate of tin, alum 
and tartar all together in equal quantities. Thefe 
Jaft delicately greenifh lemon yellows, are but 
very feldom if ever wanted to be dyed of much 
fullnefs or body, and therefore ten pounds of 
bark, and the like quantities of murio fulphate 
of tin, alum, and tartar, will generally prove fuf- 
ficient to dye three or four hundred pounds 
weight of cloth or woollen ftuffs of the colours 
in queftion; for which purpofe the bark is to be 
firft boiled a few minutes in water only, then 
the other ingredients are to be added, and mixed 
in the liquor by ftirring and a few minutes boil- 
ing, and afterwards the cloth put into the liquor 
(firft cooled a little) and turned brifkly through 
it until the colour appears fufficiently raifed. The 
pieces intended for the higheft fhades fhould be 
always dyed firft, and thofe for weaker fhades 
afterwards. When about two thirds of the whole 
quantity of cloth has been dyed, it will generally 
be found, that the liquor, by continuing to of 
tra 
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tract colouring particles from the bark, has aes 
quired an over proportion of the latter, and 
wants a {mall addition of murio fulphate of tin, 
alum, and tartar, (perhaps a pound of each,) to 
enable it to give the fame delicately pale, though 
lively greenifh tinge as at firft: and indeed a 
furer way of giving thefe very pale greenifh fhades 
with exquifite delicacy and beauty, is to boil the 
bark with a {mall proportion of water in a fepa- 
rate tin veffel for the fpace of fix or eight mi- 
nutes, then add the murio fulphate of tin, alum, 
and tartar, and boil them all together for about 
fifteen minutes, and afterwards put alittle of this 
yellow liquor into a dying veffel, previoufly fup- 
plied with water fufficiently heated, and the mix- 
ture being properly ftirred, to begin dying the 
cloth as ufual, adding farther fupplies of the yel- 
low liquor from the firft veffel, by a little at atime, 
as faft as it may be wanted. In this way the 
paleft and moft delicate fhades may always be 
dyed with eafe and certainty; and thofe who 
have never feen the effects of this procefs, will 
hardly conceive the exquifite beauty and delicacy 
of thefe pale, but lively greenifh lemon yellows, 
which certainly coft lefs than any fimilar colours 
given, if fuch can be given, by any other means. 
Weld is unqueftionably the only dying ware ca- 
pable of producing effects fimilar to thofe of the 
bark in this refpect, and at the average price it 
will prove nearly four times as coftly, regard be- 
ing had to the fmaller portion of colour which it 
affords, befides the expence of long boiling, 
which the bark does not want, to extract its co- 
lour. Indeed it may generally be computed, 
that the yellows dyed from Quercitron bark, with 
murio fulphate of tin and alum, do not coft in 

dying 
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dying materials, more than one penny for each 
pound of cloth, and that in time, labour, and 
fuel, they do not coft half as much as thofe 
ufually given by other means. And this is alfo 
true of the more delicate fhades given by bark, 
murio ia of tin, alum, ind tartar; for 
though this laft ingredient be expenfive, it 1s 
wanted only for the paler colours, which require 
fmaller portions of dying materials, and there- 
fore do not coft more than the higheft fhades 
given without it. 


A greenifh tinge may, indeed, be produced 
without tartar, by employing in its ftead a lit. 
tle verdigrife diflolved by vinegar along with the 
bark, 8c. butI think it is neither. fo lafting, nor 
fo delicately clean and beautiful as that produced 
by the ufe of tartar. The fulphate of indigo 
will alfo produce this greenifh tinge if employ ed 
in avery fmall quantity with the bark, murio 
fulphate of tin, and alum; but it has a tendency 
to fix itfelf fo quickly upon the fibres of wool or 
cloth, that great care is neceflary to hinder ic 
from taking unequally, and the tinge produced 
by it is, moreover, fomewhat liable to caft or 
fly, as the dyers fay, in the finifhing part; whilft 
the gree nifh tinge refult ng from the ufe of tartar 
as before direéted, will leave the prefs perfeatly 
clear and bright. Indeed the colours obtained 
from Quercitron bark by thefe means, are very 
durable ; they withftand even the aétion of ftrong 
mineral acils and of boiling foap { fuds; as well as 
expofure to air, This laft, indeed, they are prin- 
cipally enabled to refift by the oood effects of 
alum, and more efpecially of tartar. Since the 


higheft yeilows, which approach very nearly to 
the 
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the orange, and which are beft dyed either with 
muriate, or murio fulphate of tin and bark, 
though they bear the action of foap and of acids 
ina wonderful degree, are liable after fome time 
to loofe a confiderable part of their luftre, and 
acquire a brownifh compleétion by expofure to 
the fun and air. This is alfo true of yellows 
dyed with nitro muriate of tin (dyer’s fpirit) asa 
mordant, not only when employed with the 
bark, but with weld, and in a greater degree with 
fuftic and other yellow vegetable colouring mat- 
ters. In fome of which this defeé is not fo well 
obviated by alum and tartar, as it is in the Quer- 
citron and weld yellows, 


I muft here remark, that tin, by whatever 
means diflolved, when applyed as a bafis for dy- 
ing wool, renders the fibres a little harfh; fo that 
they neither run fo far nor fo eafily in {pinning 
as they would otherwife do, and the wool ittlf 
is apt to appear coarfer ; which is one reafon for 
not dying {carlet in the fleece, and it may be one 
for not dying wool yellow with any of the folu- 
tions of tin as mordants, until ithas been woven, 
or at leaft spun; though I am perfuaded this de- 
fect is in a great degree obviated by employing 
the murio fulphate of tin, with a mixture of alum, 
or of alum and tartar, and combining thefe with 
the colouring particles of the bark, (in the ways 
which I have defcribed,) defore they are applied 
to the wool or cloth. 


When yellows not quite fo lively and beauti- 
ful can be made to anfwer, a much fmaller pro- 
portion of the fulphate of tin will prove fufficient; 
five pounds thereof, for inftance, may be boiled 

with 
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with ten pounds of bark, ten pounds of alum, 
and two or three of tartar, and the cloth dyed as 
before directed. The decompofition and re- 
compofition which refult from a mixture of tar- 
tar with murio fulphate of tin, will be readily 
conceived from what has been mentioned on this 
fubjeét in the preceding chapter. 


By ufing very {mall proportions of cechineal 
with the bark, murio fulphate of tin, &c. theco- 
lour may be raifed to a beautiful orange, and 
even to an aurora. Madder alfo employed in 
this way, raifes the Quercitron yellow, but the 
effect is lefs beautiful than with cochineal; and 
this is allo the cafe when madder is employed 
with weld. 


At pages 189 and 190, I have made fome 
mention of the means of dying woollen cloth to- 
pically or partially, and fince that time I have 
found, that by mixing a ftrong deco¢tion 
of the bark, with a fuitable proportion of murio 
julphate of tin, &c. and thickening the mixture, 
as for the profubitantive topical yellows hereafter 
tobe defcribed for calico-printing, then applying 
the mixture by a pencil tothe woollen cl: 


ath, CoE 
vering the pencilled parts with paper, { 


O as to 
prevent the moift colour from {potting the other 
parts, afterwards folding up the cloth and tying 
itin a bag made of that kind of oiled linen which 
is ufed for bathing caps, fo as to exclude water, 
and then keeping it immerfed in boiling water for 
a quarter of an hour, a full and beautiful yellow 
was fixed upon the parts which had been pencilled, 
without any farther running or ipreading of the 
colour, The fame mixture pencilled upon cloth 


which 
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which had been previoufly dyed Saxon blue, pro- 
duced a beautiful green where it had been pen- 
cilled. Diluted fulphate of indigo pencilled upon 
fcarlet cloth and treated in the fame way, pro- 
duced a full black ; and it feems to be eafy, by 
employing proper mixtures in this way, to pro- 
duce all the.varieties of colours topically. upon 
woollen ftuffs: as far as I can judge, the oiled 
linen, which I believe was never before em- 
ployed for this purpofe, is much more fuitable to 
it than the means now in ufe. 


The moft beautiful Saxon greens may be pro- 
duced very cheaply and expeditioufly by com- 
bining the lively yellow which refults from Quer- 
citron bark, murio fulphate of tin, and alum, 
with the blue afforded by. indigo when difolved 
in fulphuric acid, as for dying the Saxon blue. 


To produce this combination moft advan. 
tageoufly, the dyer, for a full bodied green, 
fhould put into the dying veffel after the rate of 
fix or eight pounds of powdered bark (in a bag) 
for every 100]b. weight of cloth, with only a fmail 
proportion of water as foon as it begins to grow 
warm; and when it begins to boil, he thould add 
about fix pounds of murio ful phate of tin, (with 
the ufual precautions,) and a few minutes after, 
about four pounds of alum; thefe having boiled 
together five or fix minutes, cold water fhould be 
added, and the fire diminifhed fo as to bring the 
heat of the liquor nearly down to_what the hand 
is able to bear; and immediately after this, as 
much iulphate of indigo is to be added as will 
fuffice to produce the fhade of green intended to 
be dyed, taking care to mix it thoroughly with 


Cie 
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by ftirring, &c.; and this being done, the cloth 
previoufly feoured and moiftened, fhould be ex- 
peditioufly put into the liquor, and turned very 
brifkly through it for a quarter of an hour, in 
order that the colour may apply itfelf equally 
to every part, which it will certai inly do in this 
way with proper care. By thefe means, very 
full, even, and beautiful greens may generally 
be dyed in half an hour ; iid during tis fpace, 
it is beft to keep the liquor at rather lefs then a 
boiling heat. Mur io-{ulphate of tin, is infi- 
nitely preferable, for this ufe, to the dyer’s fpi- 
rit; becaufe the latter confifts chiefly of nitric 
acid, which by its highly injurious action upon 
indigo, would render that part of the green co- 
lour very fugitive, as I have found by repeated 
trials. But no fuch effect can refult from the 
murio-fulphate of tin; fince the murtatic acid 
has no action upon indigo, and the fulphuric 
is that very acid which alone is proper to dif- 
folve it for this ufe. 


Refpefting the beauty of the colour thus pro- 
duced, thofe who are acquainted with the un- 
equalled luftre and brightneis of the Quercitron 
yellows, dyed with the tin bafis, muft neceffa- 
rily conclude, that the greens compofed there- 
with will prove infinitely fuperior to any which 
can refult from the dull muddy yellow of old 
fuftic: and in point of expence, it is certain that 
the bark, murio-fulphate of tin, and alum, ne- 
ceffary to dye a given quantity of cloth in this 
way, will coft lefs than the much greater quan- 
tity (fix or eight times more) of fuftic, with the 
alum neceffary for dying it in the common way ; 
the fulphate of indigo being the fame in both 

cafes. 
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cafes. But in dying with the bark, the vefef 
1S only to be filled and heated Once s and the 
cloth, without any previous preparation, may 
be completely dyed in half an ae ; whilft in 
the common way of producing Saxon greens, the 
copper is to be twice filled; and to this mutt be 


joined the fuel and labour of an hour and an 
half’s boiling and tu: ning the cloth, in the courfe 
of preparation, befides nearly as much eh aoa 
in another veffel to extract ms colour of the 


fuftic, and after all, the dying procefs remains 
to be performed; which will be equal in time 
and trouble to the whole of the procefs for pro- 
ducing a Saxon green with the bark; fo that this 
olour obtained from bark will not only prove 
fuperior in beauty, but in cheapnefs, to thas 
dyed as ufual with old fuftic. 


Mr. Danrbournay, in the fupplement to his 
« Recueil de procedés & experiences fur des 
teitures folides,” &c. mentions various experi- 
ments made by him with the Quercitron bark, 
from which he concludes, that in order to pro- 
duce the good effects which I had previoufly 
deicribed as refulting from its ule in dying 
woollen cloths, thefe fhould be firft impregnat- 
ed with a tin bafis, and then dyed in the man- 
ner which [ had directed. In this way, fays he, 


I obtained full fhades of that beauriful yellow, 
a little greenifh, but very durable, (‘* de cé 


t re 
«* beau jaune un peu verdatre & tres folide,’ ‘> 


which is fo well fuited to produce a fine green, 
either by the indigo vat, or by the compofition 
for Saxon biue, 1. e. fulphate of indigo. And 
having aRRHES this latter by the common mode 
of dying x, to cloth which had previoufly received 


the 
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the Quercitron yellow, and alfo to cloth dyed 
yellow with the Lombardy poplar, (which i 
cther refpects he greatly commends, ) he found 
that the forfner which had received the bark 
yellow, took a fine dragon green, (un beau 
ss vert dragon,’ ) and the latter nothing better 
than a greenifh olive. It is true that Mr. Dam- 
bournay computes the expence of dying with the 
Quercitron bark as greatly furpaffing that of dy- 
ing with the Lombardy poplar. But his com. 
putation was founded on very erroneous fuppo- 
fitions, joined to the circumftance of his calcu- 
Jating the muriatic acid to coft near two fhil- 
lings and fixpence fterling the pound weight, 
which is more than fix times its real coft; tho’ 
this may probably have been nearly the price 
which it bore in France, whilft the Gadelle fub- 


fitted there. 


“The nitro muriate of tin, (dyer’s fpirit,) tho” 
it produces good yellows with Quercitron bark, 
produces them in a much weaker degree than 
the murio fulphate of that metal; which is really 
the cheapeft, and moft efficacious, of all the f 
lutions or preparations of tin, for dying the 
Quercitron as well as the cochineal colours. 


S 
t 


The fulphuric acid by itfelf diffolves, or ra- 
ther calcines, a large portion of tin, if allowed 
to act upon it for any confiderable time; and this 
folution joined to the bark, with alum and tartar, 
produces bright ftrong yellows on cloth, though 
1 think they appear lefs foft and beautiful, than 
thofe dyed either with the muriate, or murio 
fulphate of tin. This metal diffolved, or rather 
calcined, by a mixture of the nitric and fulphu- 
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ric acids, is {till lefs fuitable for dying with the 
bark, 


Tin diffolved by muriatie acid, to which one 
third of its weight of clean white tartar had been 
previoufly added, produced a very bright and 
delicate yellow with the bark, upon cloth, and 
this, by longer boiling, was ratfed to a full and 
beautiful orange. a diffolved in ftrong nitric 
acid, (double ona fortis,) with an addition of 
one third of its weight of tartar, alfo pro- 
duced a very good yellow, though fomewhat 
inferior to the aft. 


Upon putting tartar, with a portion of tin, 
into a glafs veffel with {trong colourlefs fulphuric 
acid, the latter, or rather its oxygenows part, 
by combining with the inflammable part of the 
tartar, imm sediately rendered the mixture as 


black as ink; and the folution of tin produced 
by it, was found of but very little ufe as a 
mordant for dying with the bark. 


A folution of tin, by the oxygenated muriatic 
acid, whilft fecluded from light, retains tts oxy- 
genous part, and with it the power of weaken- 
ing a great number of adjective colours; 2 
power which depends neither upon the oxygene, 
nor the murtatic acid feparately, but upon 
the new properties which they acquire by com- 
bination. 7 he exyd of tin, produced by the. 
action of the nitric acid upon that metal, con- 
tains a large portion of oxygene; and yet it 
raifes, inftead of weakening the Quercitron yel-~ 
ae but when this oxyd is diffolved in muri- 
atic acid, it produces only a very: feeble lifelefs 
yellow 
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vellow with bark ; thoughtin not previoufly oxy- 
genated will, when diffolved by the fame (mu- 
riatic) acid, act moft powerfully in exalting the 
Quercitron yellow: which proves, that this de- 
fe& of colour does not refult from the prefence 
of oxygene alone, but from its combination 
with muriatic acid. The defeé& in this cafe is 
exactly fimilar to that which occurs when tin, 
diffolved by oxygenated muriatic acid, is em- 
ployed with the bark; and in both cafes, the 
very feeble yellows produced, refemble that which 
{ have defcribed in the laft chapter, as refulting 
from the ufe of tin, diffolved by muriatic acid, 
oxygenated by the addition of about one third 
of its weight of nitric acid: a fimilar effe@ was 
alfo produced by employing tin calcined by ful- 
phuric acid, and then diffoived in the muriatic, 
as a mordant with the bark, 


Cloth boiled in water with the muriate of tin 
and tartar, has fometimes been made yellow, 
and fometimes of a chefnut brown, only from 
the action of this mordant, unaffifted by any 
colouring drug. Thefe difcolorations feem to de- 
pend upon the particular ftate of the cloth, as be- 
ing more or lefs freed, either from the natural fwint 
of the wool, or the greafe commonly applied to it 
for particular purpofes. Difcolorations of this 
kind are not eafily removed; they withftand the 
action of fun and air for a confiderable time, 
and if cloth fo difcoloured be dyed with either 
bark, or with cochineal, the colour will appear 
tarnifhed; for which reafon the application of 
muriate of tin, with tartar on/y, as a mordant, 
ought to be avoided, unlefs the dyer be very 
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certain that the cloth has previoufly been per. 
fectly well fcoured. 


A. few lumps of the dry oxyd of tin men- 
tioned at page 118, having been f finely powdered 
and mixed with a fuitable quantity of decoétion of 
Quercitron bark, the mixture was found capable 
of vay ing 8 very full and bright yellow upon wool- 
Jen cloth. ‘The colour however being expofed 
to the action of fun and air, very foon apasiied 
a brownifh complexion. Some of the fame oxyd 
of tin reduced to powder, having been wafhed 
in warm water, to remove the ad! 1ering acid, 
as far as water could* remove it, was eaue ta 

e ftill capable of combining with the colouring 
matter of the bark, fo as to dye cloth yellow; 
e{pecially when the oxyd had been previoully 
fuffered to remain mixed with the decoétion of 
bark, for fome hours, in a warm fituation. Cotton 
alfo took a yellow colour by dying in this mix. 
ture; but it was eafily removed by wafhing with 
foap, and therefore was I think only z applied fu- 
perficially, 


I have but little to offer refpecting the ufe of 
copper, or rather of tie mee and folutions of 
that. metal a/ove, as mordants or bafes for dying 
with Quercitron bark on wool or cloth. ‘Their 
general effect is to raife and fix the Quercitron 
yellow; but at the fame time to give it a greenifh 
or rather an olive complection. Wool dyed 
with a tenth of its weight of bark, and half as 
much fulphate of copper, received an agreeable 
colour, between the yellow and the olive, The 
bark, with muriate of copper, feemed to im- 
part but little colour to wool for fome time ; -' 
ittie 


fe 
Giin us 
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Sittle chalk being added, a full yellowith olive was 
produced. This alfo he to be the cafe, 
when nitrate of copper was ra te with the 
bark, until chalk had been added; and then the 
wool fpeedily imbibed a yellow, Helen ely inclin- 
ing to the olive hue. V erdigrife with the bark 
produced a yellowith olive on wool; which, by 
the addition of chalk, was sit ghtened, and ride 
to approach nearer to the yellow. Thefe colours 
appeared to be fufficiently lafting. 

Drab colours of various fhades may be moft 
expeditioufly and cheaply dyed by the Querci- 
tron bark, and an iron bafis. For this purpofe 
the bark may be boiled a few minutes in a cop- 
per veffel, with one half, one third, or one fourth 
of its weight of fulphate of iron, (copperas,) ac- 
cording to the fhade required, and the liquor 
having been well mixed, and a little cooled, the 
cloth may be dyed therein as wlual ; but with- 
out any other preparation than that of fcouring 
and moiftening. To fadden and darken the co- 
Jour {till farther, a little fumach, (rhus coriaria, ) 
may be added with the bark; and on the other 
ha ind, ms colour may be inclined to the olive 
and yellow, by diminifhing the quantity of ful- 
phate of 1 iron, iy employing with ic a little 
alum and chalk; ¢ (which is better) a little 
fulphate of copper, ait or without a fe all pro- 
portion of chalk. Or the cloth may be firft 
turned a few times Parone a vette, with boiling 
bark liquor, then taken out, and turned brifkly 
through a veffel with hot water, in which a fuitable 
proportion of “fulphate of iron has been diffolved, 
with or without either alum and chalk, or fulphate 
of copper and chalk, as the particular colour 


£4 intended 
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intended to be given may require. In either 
way the colours will prove lafting, and the ex- 
ence very fmall; four or five pounds of bark 
Olas generally fufficient to dye one hundied 
pounds weight of cloth, of the colours in queftion. 
Cloth prepared by previous boiling, with one 
twentieth of its weight of fulphate of i iron, and 
one fourth of that ssn of chalk, and then 
dyed in bark liquor, became of a {trong durable 
chpoolate colour; but in this way great Care is 
neceflary to render the colour even. 


Cloth prepared by boiling with a twentieth of 
its weight of fulphate of iron, half as much fea 
falt, and one fourth of that quantity of chalk, 
and then dyed with bark, received a very lafting 
dark brown colour. 


Cloth dyed with Quercitron bark, fulphate of 
iron, and fulphate of manganele, in fmall pro- 
portions, became of a light but pleafing drab 
colour; which, by the addition of a little chalk, 
was afterwards changed to the cinnamon. 


Cloth prepared with nitro muriate of gold, 
and dyed with bark, became of a delicate olive 
tinged yellow. The folutions of PUD, zinc, 
antimony, filver, mercury, lead, and platina, 
by different acids, produced various fhades of 
brown, yellowifh brown, brownifh yellow, cin- 
namon, drab and olive colours; of which it is 
not expedient to give my readers a particular de- 
{cription ; becaule they. either may be all more 
cheaply obtained by other mordants, or are not 
likely to be brought into ule, 
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Cloth boiled in water, with one (a hied of 
its weight of fulphate of ek and dyed with 
Bark, received a ftrong nankeen colour. Ni- 
trate of hime in this way, produ uced a nutmeg 
brown; and the muriate of lime produced a very 
full sak lating drab colour, which in fome re- 
fpects may be preferable to the drabs given by an 
iron. bafis, and efpe cially as being Net likely 


D 


than the latter to injure the texture of the cloth. 


Of the Properties and Ufes of Quercitron Bark in 
dying upon Silk. 


ALL the different fhades of yellow, com- 

ronly dyed ota filk from weld, may be ob- 
vate with equal facility and be auty, and more 
cheaply, by employ ing the bark in its ftead, af- 
ter the rate of from o he to two pounds for every 
twelve pounds of filk, according to the particu- 
lar fhade of colour wanted. for this purpofe 
the bark, powdered and tied up in a bag, fhould 
be put into the dying veffel whilft the water is 
cold, and as foon as it becomes a little more than 
blood warm, the filk, previoufly alumed, fhould 
aifo be put in and dyed as ufual; and where the 
higher yellows are wanted, a little chalk or pearl 
afhes may be added towards the end of the ope- 
ration, as mentioned for*the dying of wool. 


Where fhades of yellow more lively than any 
which can be given either by weld or bark with 
the aluminous bafis sly: are wanted, it will be 
advantageous toemploy a little of the murio ful- 
phate of tin; and but a little of it, becaufe the 

il calx 
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calx of tin, unlefs fparingly ufed, always dim 
nifhes the gloffinefs of filk. 


To produce the fhades in queftion, it will be 
fufficient to boil after the rate of fair pounds of 
bark, with three pounds of alum and two pouncs 
of murio fulphate of tin, with a fuitable quantity 
of water, for ten or fifteen minutes, and the heet 
of-the liquor being afterwards reduced % fo that the 
hand can bear it, the filk is to be put in and dyed 
as ufual, until it has acquired the proper fhade, 
(which it will do fpeedily,) taking care, however, 
to agitate the liquor conftantly, that the colour- 
ing matter, which would otherwife fubfide in a 
confiderable degree, may be kept equally dif- 
perfed through the liquor. By adding fuitable 
proportions of fulphate of indigo to this yellow 
liquor and keeping it well tired, various and 
beautiful fhades of Saxon green may be dyed 1: 
the fame way very equally and cheaply. The 
Shades intended to incline moft to the yellow 
fhould be firft dyed, and afterwards, by adding 
more fulphate of indigo, thofe partaking more of 
the blue may be readily Broa RES 5 and indeed 
nothing can be more commodious or certain than 
this way of dying the moft beautiful Saxon greens 
upon filk. 


By diffolving different proportions of copperas 
or copperas arid alum, in the warm decoction of 
bark, fee may in the fame way be dyed of 
all the different fhades of olive and drab colours ; 
and other varieties may be produced with the 
bark generally, by employing the fame means 
which are ufed to produce the like variations 
with weld, 


Of 


<—NT COLOUR 


I here vfe the term general dying as oppofed 
to that pe ar tia 1 or topical application of colours 
on which ‘inting chiefly depends. At 
pages 62 aad oY 3 ae this volume I have endea- 
youred to explain the caufes which render adjec- 


tive colours lefs durable on linen and cotton than 
they are on wool or filk, fo far, at leaft, as thefe 
caufes depend on differences in the ftructure and 
chymical properties of the fabftances in queftion ; 
bue whether my explanation be well founded or 
not, this at leaft is certain, that the ateraction 
between the aluminous bafis, i the fibres of 
linen and cotton is much weaker than that which 
fubfitts between the fame bafis, and the fibres of 
wool or of filk; and this want of a fufficient 
attraction or affinity has made it neceffary toem- 
ploy extrordinary means for prec cipitating the alu- 
mine more copioufly, a fixing it more aad 
than it otherwife would be precipitated and fixed 
upon the fibres of linen or cotton, in order to 
enable them to receive permanent adjective co- 
sae urs by dying. The principal of thefe means 
e certain oily and animal matter sa to fome 
desiahic aftringents, particularly galls; all of 

which, | mean the former, as well as the oe 

evidently poffefs a {trong attraction for alumine 
and when united to linen or cotton, produce 
very beneficial effects, as is manifeftly feen by 
the proces for dying the Adrianople or Turkey 
red, concerning which both Mr. Henry and Mr, 
Berthollet 
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Berthollet have publifhed feveral very ingenious 
as well es highly interefting obfervations ; es 
perhaps I may be able to add fomething to thef 

when treating of this fubjec& in my next volume ; 
at prefent, however, I fh " only notice thefe ex- 
traordinary means fo far as they feem likel ly to im- 
prove the beauty and durability of the colours, 
capable of being communicated to linen or cot- 


ton from Quercitron bark, 


The fibres of linen or cotton when fpun or wo- 
ven are prepared for the dyer by being firft boiled 
in water with a fuitable portion of potafh, (which 
for linen fhould be made cauitic, in order that 
it may act more {trongly upon the oily and refi- 

nous matters abounding in ta, ) and afterwards 
bleached by expofure upon the grafs to fun and 
air. But as this operation commonly leaves a 
portion of earthy matter in the linen or cotton, 
which, by being unequally diftributed, would ren- 
der any colour given by dying unequal; the cot- 
ton or linen ought to be foaked or fteeped in wa- 
ter, foured by fulphuric acid, to diffolve and re- 
move this earthy matter, taking care afterwards 
to wath or rince off the acid, left, being con- 
centrated in the cloth or yarn when drying, it 
fhould injure the texture. 

The method prefcribed by the French regula- 
tions, and adopted i in moft European countries, 
for dying yellow upon linen or cotton from the 
weld plant is, by foaking the cloth or yarn ina 
liquor made by d iffblving one-fourth of its weighe 
of alum in as much water as is neceflary for that 

urpofe ; to which it will be highly advantageous 
to add after the rate of one pound of clean potafh, 
oF 
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or ten ounces of chalk, for every fix. or feven 
pounds of alum (1) to neutralize the excefs of 
acid contained in the alum, and promote a fepa- 
ration of its earthy bafis. The cloth or yarn hav- 
ing been thus { foaked, is taken out of the alum 
liquor, and well dried; and being afterwards 
rinced, it is to be dyed in weld liquor made by 
boiling about one pound and a quarter of the 
plant for each pound of cloth or yarn; which, 
after having received a fufficient body of colour, 
is to be taken out of the dying liquor, and foaked 
for an hour and more in a folution of fulphate of 
copper (blue vitriol) containing after the rate of 
three or four ounces of the later for each pound 
of cloth or yarn; it is then to be removed, and 
without being wafhed, put into a boiling folution 
of hard foap, containing in like manner three or 
four ounces of foap for "each pound of cloth or 
yarn, in which it is to be well flirred and boiled 
for about three quarters of an hour or more, then 
wafhed and dryed. I have found by repeated 
trials that this mode of precipitating the calx of 
copper upon the yellow previoufly dyed from 
weld with an aluminous bafis, renders the colour 
more durable, but at the fame time gives it 4 
darker complexion. And | have found fimilar 
effects where bark was ufed inftead of weld; the 
colour dyed with the bark in this way having 
proved in every refpect as good as that obtained 


from 


(1) Hauffman fays, that when Englith alum is diffolved 
in five times its weight of water, and one eighth of its 
weight of chalk is added to faturate the excefs of acid, a 
folution will be produced which does not cryftalize in Sum- 
mer, and but little in Winter ; though without chalk it re. 
quires fixteen times as much water as of alam to make a 
permanent folution. 
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rr veld: . } } T £ Nn n nt ThA =| Lot ie ry & 5 
3rom V qd Out £ am con iwinced, that wnethéF 
the colouring matter be taken from the former 
he latter of thefe vegetables, the yellow dye 


1S either 


hay 


— 
ct 
— 


In yeautiful or fo laft- 
calli i waeiounie from 


i 
the fame vegetables, sands which the dyers might 


his way neve 


c 
eq b £5 3 nay 1% 
readily give with equal perfection, by only em= 
ploying “the acetite of alurnine, or aluminous 
mordant, defcribed at pages 176, 177, and 178 
Lavine baie d cerita ig td saa k vend aE } 
of this volume; and this more cheaply as wedi 


Cé 
as more ex eb than that produced by fol- 
lowing Pilly French regulations ; confidering the 
expence of Ff much blue vitriol and { ap as they 
require, and which may be rendered unnecefiary 
by adopting the calico-printer’s aluminows mor- 
dant, 


3 f Veils Me iets ect, Deh ee 2 ; - - 
T he beft method of applying the aluminous mor - 
vain as x with 1 Quercitr on bark (which 


FL). 4 ps ey al Cea 
Luly recommMmeng whe sHevel bright and 


ws are wanted,) is as follows, viz. 
é 


Gitta riemiee unworn ts comes Dat “idl 
Take a fuficient quantity of the acetite of 


Be SEs ENOL pe Te Rar eA nT Ab Neeaat he Te. 
glumine, which for this purpofe may be made by 
diffolving after the rate of cnly one pound of fu- 


a! f lead and “ 1 7 un my a) Ee Sea0arnrc0e 
gar O Cad ane toree pot pad Is of ajiun » AS). at page 


177, excepting only thatitneed not be thickened, 
and mix this. liquor with an equal quantity of 
warm water, then let the linen or cotton (pro-= 
perly cleanfed as before mentioned) be thoroug! 
Jy wetted and foaked in the mixture, a h 
to be about blood warm, for the fpac 
hours, then taken out an dm sodleratel ‘ pre 
fqgueezed over a proper vefiel to colle¢ 
might otherwife drop or run off, and prevent am 
unneceflary wafle of the aluminous fi anc 
this 
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this being done, let the linen or cotton be well 
dried in a a ftove | heat, where it can be conveniently 
applied, and then foaked again in the aluminous 
mordant, and again prefled or fqueezed and 
dried as before ; after which, without having been 
rinced, let it be thoroughly wetted in as much, 
and only as much lime water as will convenient- 
ly fuffice for that purpofe, and afterwards dried ; 
and where a very full, bright, and durable yellowis 
wanted, it may be well to foak the linen or cot- 
ton a third time in the diluted aluminous mor- 
dant, and after drying, wet it a fecond time with 
lime water, and dry it again : : but in either cafe, 
the linen or cotton after its laft dying, fhould be 
well rinced in clean wat er, in order to feparate 
any loofe or unfixed particles of the mordant or 
bafis, which other wife m ue do harm in the dy- 
ing veffel. Phe lime-water eommeres in this 
way, anfwers the purpate e of producing a more 
copious depofition of the alumine in the fibres of 
the linen or cotton, sie it moreover {uperadds a 
portion of iy s to the aluminous bafis; an 
ufc 


effeét which is not onfiderable utility 


I have found, that when the aluminous liquor 
has been employed at a fcalding heat, the colour 
afterwards prod iced was not fo good as what re- 
fults from liquor only made lood warm ; the 
pores of linen and cotton ee {fo PER as not 
to require any diftenfion by a greater degree of 
heat. 


The cotton or linen being prepared and rinced 
as before mentioned, a (malt fire is to be lig rhted 
under the d he: pan or vefiel, previoufly fupplied 
with the ufual quantity of water, and the pow- 

dered 


352 PHILOSOPHY OF 


dered Quercitron bark tied up in a bag, after thé 
rate of from twelve to eighteen pounds for every 
hundred pounds weight of linen or cotton wheré 
full bodied yellows are wanted, is to be put in, 
whilft the water is cold, and immediately after ic 
the linen or cotton is alfo to be put in, upon fticks 
if it be thread or yarn, or, if piece-work, on 
the winch, agitating or turning it in either cafe 
as ufual for the fpace of an hour or an hour and 
a half; during which the water fhould gradually 


roxy 
become warm, ai ‘not warmer than the hand 


x 


ean bear. WI this time has elapfed, the fire 
1 dying liquor brought 

n a boiling heat; in 

ficient to let the ebttOH or 


1 


hnen remain a few minutes only, when a bright 

hvely yellow ig wan oF becaufe Jonger boiling 
always gives the vellow a brownith caft, what- 
ever vegetable may Decicslonicin ding it. The 


linen or cotton having thus acquired fofficient 


colour, is to be taken out, rinced and dried as 


ufual. 


When the colour of Quercitron bark is flowly 


raifed in this manner by a very moderate hear, 


1 


the colouring particles feem to adjuft them! felves 
more accurately and unite more intimately to 
thofe of the balis, a eby to produce a co- 


lour more Gxed and tha nN it is w! hen the y 


are haftily ac ennahi aie a boiling heat, an id 
perhaps chiefly upon the angen of the fubftance 
red and of the ba&s combined therewith: 


Allthe different fhades of yellow may in co 
way-be dyed from Fi sl bark ; 1f it be ufe 
{paringly, with a very moderate heat, and rhe 

operation 
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ane continued only for about half an hour, 

1 pale though lively yellow will refult; if ufed 
more copioutly, and the operation continued 
fomewhat longer, a fuller colour will be pro- 
duced; and this may be raifed higher and higher 
according as the heat and proportion of bark are 
increafed and the dying operation prolonged, fo 
as indeed to produce a very dark brownifh yel- 
low if the liquor be made to boil for half an hour. 


Pieces of cotton having been prepared with 
the printers’ aluminous mordant and lime water, 
as already defcribed, were dyed one with bark 
and another with weld, and being taken out of 
the dying liquors, a bit was cut “off from each 
and the remainder put back dgain into its liquor, 
in which a {mall quantity of fulphate of copper 
had, in the mean time, been diffolved, after the 
rate of one ounce to five pounds of cotton; and 
the liquors being nearly of a fcalding heat, in 
about ten minutes the pieces were again taken 
out and found to have acquired a brownifh com- 
plexion ; but being expofed to the fun and air 
along with the bits which had been cut off before 
the fulp ohate of copper was added to the dying 
liquors, the brownifh complexion of the former 
foon difappeared, and their remaining colour at 
the end of four weeks proved to be rather better 
than that of the bits dyed without the fulphate of 
copper. It feems therefore probable, that a 
{paring ufe of the latter in this way, may contri- 
bute fomething at leaft to the durability, if not to 
the beauty of yellows dyed * 1b linen or cotton, 

after the application of acetile of alumine and of 
lime as before directed. 


Aa When 
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When the aluminous mordant is emploved 
without any addition of water, it may be fuffi- 
cient to foak the cotton therein once only, and 
after dying to immerfe it once in lime water, then 
dry, rince, and dye it as before mentioned. I 
think, however, that better effects refult from 
the application of a more diluted mordant, at two 
different times ; and indeed I have found, that by 
immerfing the cotton @ greater number of times 
alternately in the diluted aluminous mordant and 
in lime water, and drying it after each immerfion, 
the colour always acquired ftill more body and 
durability. 


At page 183 I have remarked, that by the 
Eaft Indian method of callico-printing, the want 
of acetile of alumine is fupplied by impregnating 
cotton with the aftringent matter of yellow my- 
robalans, and with certain oily and animal fub- 
ftances, which enable the cotton, when a folu- 
tion of alum is afterwards applyed to it, to de- 
compofe and imbibe alarger portion of alumine: 

“and this practice may be imitated in dying the 
Quercitron yellow upon cotton, with fo much 
advantage as to render the acetile of alumine in 
a great degree unneceffary, at leaft where the 
yellow is not required to be very clear and 


bright. 


Inftead of myrobalans, (which are, however, 
to be found here,) the Alleppo galls may be em- 
loyed, choofing always the whiteft for this ufe, 
ae the browner might ftain the cotton, fo as 
to render it incapable afterwards of receiving a 
bright, clear yellow ; and perhaps in this refpect 
the roots of at leaft two or three fpecies of North 
American 


os 
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American fumach, particularly the Rhus Gla- 
bra Lin. might be preferable even to the whiteft 
galls, by communicating lefs ftain and producing 
equally good effeéts, as I have found them to 
do in repeated trials. 


The beft method of employing galls for this 
purpofe is, I believe, to boil after the rate of one 
pound of them coarfely powdered, with half a 
pound of Barilla, for the fpace of one hour, in two 
or three gallons of foft water, and then {training 
off the decoétion to macerate the cotton an hour 
or two therein: barilla, or rather the foda which 
it contains, enables the water to extraét the af- 
tringent matter of the galls much more copiouf- 
ly than it otherwife could do; and being itfelf 
imbibed by the cotton, it alfo occafions a more 
plentiful depofition of alumine, when the cotton 
is afterwards put into a folution of alum, which, 
for this ufe may be made by diffolving eight 
pounds of alum and one pound of chalk in fix 
gallons of water. In this calcarious folution of 
alum, the cotton, after being taken out of the 
decoction of galls and dried, is to be foaked for 
two hours, then taken out and-dried; then 
foaked a few minutes in lime water, and havin 
been again dried, it is to be immerfed a f{e- 
cond time in the calcarious folution of alum; af- 
ter which, being again dried and well rinced, 
the cotton is to be dyed flowly with the Querci- 
tron bark, as before direéted. In this way ver 
full bodied and lafting yellows may be ered 
which will bear repeated wafhings with foap, as 
well as expofure to fun and air; and the ac- 
tion not only of {trong vinegar, but of the oxyge- 
nated miuriatic acid. 

Aa2 By 
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By diffolving after the rate of one pound of 
hard white foap and half a pound of barilla in 
three gallons of water, and macerating the cot- 
ton therein, as directed to be done with the de- 
coction of galls and fumach, then drying and im- 
merfing it in the calcarious folution of alum, and 
afterwards proceeding, as juft directed to be done 
after fuch immerfion, I obtained a colour (with 
the bark) nearly as durable as when the decoétion 
of galls had been ufed, and with the advantage of 
its not being thereby darkened. 


A pound of the yolks and whites of egos hav- 
ing been firft beat up with an equal quantity of 
brown fugar, and then with two gallons of water, 
and cotton having been foaked therein, inftead 
of the folution of foap and barilla, then dryed 
and immerfed in the calcarious folution of a- 
lum; dried again and immerfed in lime wa- 
ter, and then in the folution of alum, and 
afterwards rinced and dyed with bark, as al- 
ready defcribed, it received a very full and laft- 
ing though darkifh yellow colour. The animal 
mucilages in general, and fome of the vegetable, 
being diffolved in water and applied to cotton in 
the fame way as the yolks and whites of eggs juft 
mentioned, produce the like good effeéts, and 
more efpecially the animal glues, which appear 
to unite both with the cotton and the aluminous 
bafis when ufed in this way. 


A confiderable time has now elapfed fince I 
was induced to try the effects of alumine com- 
bined with other acids befides the fulphuric and 
acetous, and alfo with potafh, foda andammoniac, 
both in their mild and their cauftic ftates, as a 
bafis or mordant for the Quercitron colouring 
matter. 
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matter. To feparate alumine fromthe fulphuric 
acid with which it forms common alum, this laft 
compound may be diffolved in about eight times 
its weight of clean boiling water, and mixed with 
a filtered lixivium of clean potafh, which fhould 
be added to the folution of alum gradually, until 
it no longer makes the liquor turbid, or occafions 
any farther precipitation ofalumine. The whole 
of the mixture may then be put into a canvafs 
{trainer to feparate the fluid part, and this hav- 
ing been done, boiling water may be poured re- 
peatedly upon the remaining moift alumine, and 
{uffered to run through the ftrainer until the fa- 
line part of the mixture fhall have been wafhed 
away, as far as it is capable of being wafhed. 
away by water; the alumine being then taken 
out and dried, will generally be found to weigh 
about one fifth part of the weight of the alum 
employed to produce it: when thoroughly dried, 
the alumine contracts or fhrinks greatly, and be- 
comes at length fo hard, that neither ftrong ful- 
phuric or nitric acids can diffolve it, except with 
creat difficulty and very flowly ; and for this rea- 
fon it ought always to be employed ina moift 
{tate when intended to be again diflolved by any 
acid or alkaline menftruum, Perhaps the great 
difpofition of this earth to contract or fhrink by 
drying, may be one reafon why it is generally 
moft advantageous to convey and fix the particles 
thereof as a bafis in the pores of linen or cotton, 
jirft feparately, and afterwards when they have 
fhrunk by drying, to fuperadd the adjective co- 
louring matter, which may then find more fpace, 
and combine with the alumine in greater propor- 
tion than it could do when both previoufly united, 
were applied together, whilft the particles of alu- 
mine were enlarged by moifture, 


Aa3 If 
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If moift alumine obtained in the manner juft 
defcribed, be diffolved in either the nitric or mu- 
riatic acids, it will by evaporation afford cryftals ; 
and thofe obtained with the nitric acid, by at- 
tracting moifture from the atmofphere, will 
prove deliquefcent, unlefs kept in a veffel clofely 
ftopped. _M. Berthollet found, that in thefe 
cafes, the cryftals depended on a remnant of ful- 
phuric acid, which always adheres to alumine 
when feparated in the way juft defcribed ; and 
that by afterwards digefting it for fome time in a 
folution of potafh, or of ammoniac, this adher- 
ing fulphuric acid might be decompofed ; and 
that the alumine being then diffolved either in the 
nitric or the muriatic acid, no cryftals were pro- 
duced. It muft, however, be remarked, that 
the alumine mentioned to have been employed in 
the fucceeding trials, was obtained in the way 
firft defcribed, and therefore was not completely 
divefted of fulphuric acid, 


Having boiled a fuitable portion of moitft 
alumine with a decoction of Quercitron bark 
during the fpace of half'an hour, I attempted to 
dye both wool and cotton therewith, in order to 
fee whether the undiffolved particles of alumime, 
fo united to the colouring matter of the bark, 
would become the bafis of a lafting colour. JI 
found, however, by repeated trials, that cotton 
in this way could only be made to imbibe a pale 
yellow, which probably adhered to the furface 
only of its fibres, becaufe it was nearly deftroyed 
by a fingle week’s expofure to the fun and air, 
Wool, however, in this way received a brownith 
yellow of fufficient body and confiderable duira- 
bility, 

Ammoniiac, 
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Ammoniac, or volatile alkali, whether mild 
or cauftic, appears to diffolve alumine fo very 
{paringly, that hitherto I have found no confide- 
rable benefit from any folution of this kind as a 
mordant. Nor have I fucceeded much better 
with either the carbonated (mild) potafh, or that 
of foda, their action not being confiderable upon 
the earth of alum. But if this earth, obtained 
by precipitation and wafhing as before men- 
tioned, be digefted whilft moift with a ftrong 
lixivium either of potafh or of foda, in its pure 
or cauftic ftate, in a mattrefs placed on a fand 
heat, nearly approaching that of boiling water, 
it diffolves very copioufly, and may afterwards, 
by evaporation, be made to cryftalize. The 
celebrated Macquer appears to have believed that 
very beneficial effects might be obtained in dying 
by thefe combinations, and more efpecially when 
ufed as mordants for the madder red on cotton. 
It feems evident, however, that he was greatly 
miftaken refpecting the true nature of thofe ope- 
rations upon which this belief was founded ; and 
that in the procefs for Turkey reds, where he 
fuppofed the durability of colour to refult prin- 
cipally from a combination of this kind, no fo- 
lution of aluminous earth by any alkaline men- 
ftruum could have taken place; and though Mr. 
Hauffman appears alfo to have formed confide- 
rable expectations of advantage from the appli- 
cation of thefe folutions of alumine by potafh or 
foda, I have been led by the refults of many trials, 
to concur in opinion with Mr. Berthollet, that 
but little good is to be expected from them, un- 
lefs it be under the circumftances which I fhall 
prefently explain, becaufe the alkaline men- 
fruum evidently has too much affinity to the 

Aaa, particles 
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particles of alumine to allow of their being de. 
pofited and fixed in the fubftance, to be dyed fo 
copioufly as is neceffary; and I have repeatedly 
found, that after having foaked cotton a fufficient 
time in the diluted folution of alumine by either 
potafh or foda, the bafis was almoft wholly car- 
ried off or removed by only rincing the cotton in 
water to fit ic for betng dyed, and that only very 
feeble colours could be raifed upon what remain- 
ed of the alumine as a bafis. This was more 
efpecially the cafe where the folution of alumine 
had been made by potafh, which by attracting 
moitture from the atmofphere, rendered it dith- 

cult to dry the cotton fufficiently when impreg- 
nated therewith, at leaft without artificial hear. 
Thefe defects were, however, removed, and a 
very excellent durable yeliow produced by putting 
the cotton which had been fir foaked in a dilu- 
ted folution of alumine by potafh, into water 
which had diffolved as much common alum as it 
could retain, whilft blood warm, macerating and 
turning it therein for the fpace of half an hour, 
(during which the potafh and fulphuric acid com- 
bining, each precipitates the alumine of the 
other, ) then drying the cotton, and afterwards 
immerfing it in lime-water; then drying again, 
rincing and dying it with the bark as before di- 
rected. The yellow given in this way faded 
but very little by two months expofure to fun 
and air in the midft of the Summer; nor was it 
fenfibly weakened by the action of {trong French 
vinegar, or of the oxygenated muriatic acid. 

The folution of alumine by foda produced equal- 

ly good effects in this way, 
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Nitrate of alumine (made by faturating the 
nitric acid with moift alumine as before men- 
tioned, ) being diffolved in elght times its weight 
of water, and ufed inftead of the folution of com- 
mon alum laft mentioned, produced a yellow 
rather better and more Hepat e even than the laft, 
Cotton which had received no impregnation, be- 
ing macerated in a like folution of the nitrate of 
alumine, then dried, immerfed in lime water, 
rinced and dyed with the bark, received a yellow 
confiderably better than I could obtain with a fo- 
Jution of common alum in the fame way. 


Muriate of alumine generally produced with 
the bark, effects as good, but not materially 
better than thofe refulting from common alum 
ufed in the fame ways. 


In dying any of the yellows before mentioned 
with bark, the colour may be raifed to an orange 


by employing a fuitable proportion of madder 
along with the bark. 


It can hardly be neceffary for me to mention, 
that linen or cotton, either {pun or wove, when 
/ asohae dyed blue of a fuitable fhade in the 
ufual ways, will be rendered green by fuperad- 
ding the Quercitron yellow in “the ways, and by 
the means already directed for dying this yellow 

upon linens and cottons not previoutly made 
blue, taking care to proportion the quantum or 

body of each of the component blue and yellow 
colours to the particular fhade of green which 
they are intended to compofe or produce. 


Linen and cotton foaked four hours in a mor- 
dant made by diffolving lime in muriatic acid, 
and 
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and mixing the folution with fix times its weight 
of water, afterwards dryed, rinced, and dyed 
with Quercitron bark, took a full drab colour 
which refifted the aétion of fun and air for acon- 
fiderable time: but neither the fulphate nor the 
nitrate of lime employed in this way with the 
bark, gave any thing more than buff or flight 
nankeen colours of little durability. 


Magnefia diffolved by the fulphuric, the ni- 
tric, muriatic, and acetous acids, and ufed in 
this way as a mordant, produced, with bark upon 
linen and cotton, weak drab, cinnamon, and 
nankeen colours, which, however, proved too 
fugitive to be of any ufe. 


Cotton foaked in a diluted folution of flints, 
made as mentioned in aformer part of this vo- 
lume, and afterwards rinced and dyed with the 
bark, became of a nankeen colour fomewhat 
lafting. 


Among the metallic bafes, that of tin might 
naturally be expected to produce the moft benefi- 
cial effects by general dying upon linen and cot- 
ton with the Quercitron bark ; but hitherto my 
experiments therewith, though they have been 
very numerous and greatly diverfified, afford no 
fuccefsful refults: for though different folutions 
of tin, (particularly the nitro-muriatic and the 
murio-fulpburic,) when diluted and applied as 
mordants to linen and cotton, enable thefe fub- 
{tances afterwards.to imbibe yellows exceeding all 
others in brighinefs, luftre, and beauty ; and 
though thefe yellows are capable of refifting the 
action of boiling foap fuds, as well as of ftrong 

acids, 
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acids, not excepting the oxygenated muriatic 
acid, yet they decay very fpeedily when expofed 
to the fun and air, fo as even to fuffer more in a 
fingle week than the Quercitron yellows dyed 
upon an aluminous bafis commonly fuffer in a 
month. ‘The tin bafis is, moreover, accom- 
penied with this fngular circumftance, that when 
applied feparately to the linen or cotton intend- 
ed to be dyed, and when thefe fubftances, after 
the ufual drying and rincing, are dyed with the 
bark, the colour, (contrary to what happens 
with the aluminous bafis,) proves much more 
fugitive than itdoes when the folution of tin and 
decoétion of bark are firft mixed together, and 
afterwards applied to the linen or cotton profub- 
ftantively; nor have I ever been able to apply any 
of the folutions of tin even in fmall quantities 
mixed with an aluminous mordant upon linen or 
cotton, without perceiving that the colour after- 
wards obtained thereby from bark was much lefs 
durable in refpeé& to fun and air, than it would 
have been with an aluminous bafis only. I fhall, 
however, abftain from giving any opinion re- 
fpecting the caufe of thefe dcefeéts, until the re- 
fults of fome nice and difficult experiments, 
which fucceffive interruptions have hindered me 
from bringing to a fatisfactory conclufion, fhall 
enable me to do fo on better grounds than I pof- 
fefs at prefent. 


Zinc diffolved by different acids, and em- 
ployed as a bafis for dying with Quercitron bark 
on linen and cotton produces brownifh yellows, 
inclining more or lefs to the olive and drab co- 
lours ; they feem, however, lefs durable than the 
like colours, which may be more conveniently 


and 
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and cheaply given by fubftituting folutions of 
alum and of iron, mixed in di ferent proportions, 
as mordants. 


Bifmuth being diffolved in nitro muriatic acid, 
and the folution afterwards fufficiently diluted by 
water, and cotton being foaked therein for two 
hours, then immerfed in hime water, dried, 
rinced, and dyed with Quercitron bark, it took 
a very high and full, but at the fame time a very 
brownifh yellow, of confiderable durability. 


Copper diffolved in the fulphuric, the nitric, 
muriatic, and acetous acids, and afterwards fuf- 
ficiently diluted with water, being applied to 
linen and cotton as a mordant, enables them to 
obtain from Quercitron bark by dying, different 
fhades of full but brownifh yellow, which, how- 
ever, does not long bear wafhing with foap, or 
expofure to rain, funfhine, and air; the oxyd of 
copper, on which the colouring matter is ap- 
plied, being readily acted upon by all thefe agents, 
Soaking the linen or cotton in lime water when 
impregnated with the oxyd or folution of copper, 
previous to the dying with bark, renders the co-~ 
Jour more durable. 


Cotton having been foaked two hours in a di- 

luted ammoniate : of copper, and then hung out to 
dry, appeared at firft of a fine blue colour, burt 
afterwards became of a very beautiful bluifh 
green. <A bit of this cotton being dyed for a few 
minutes in a decoction of Quercitron bark, be- 
came of a fine yellowifh green: another bit dyed 
in the fame decoction for a longer time became . 
of a dark brownith yellow colour ; this was, how— 

ever, 
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ever, changed to a lively yellowifh green, by 
wafhing with foap, and fuffered but little dur- 
ing three weeks expofure to funfhine, air, and 
rain. 


Linen or cotton foaked in a diluted nitrate of 
lead, then in lime water, and afterwards rinced 
and dyed with Quercitron bark, took a kind of 
nankeen brown colour fomewhat, though not 
very, durable. 


The other folutions of lead appear to be ftill 
lefs ufeful as mordants upon cotton for dying 
with the bark. 


Manganefe being diflolved by a very weak 
or diluted fulphuric acid, and the folution after. ~ 
wards mixed with an additional portion of water, 
cotton was foaked therein for two hours, and 
afterwards immerfed in lime water, then rinced 
and dyed with the bark, from which it obtained 
a nutmeg brown colour inclining flightly to the 
olive, which proved fomewhat laftine, 


The oxyd of arfenic is capable of ferving asa 
mordant for the Quercitron colouring matter, 
but as the fhades produced by it may be ob- 
tained by cheaper and much lefs dangerous 
means, I cannot recommend its ufe for this pur- 
pofe. 


Cotton foaked in a diluted nitro muriate of 
gold, afterwards rinced and dyed with Querci- 
tron bark, received a delicate olive tinged yel- 
low of confiderable durability; but this mordant 
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is much too expenfive to be ufed in this or in 
almoft any other way. 


Cotton firft dipped in a weak folution of foda, 
became of a yeHowith brown by being foaked in 
a diluted folution of platina by the nitro-muriatic 
acid, and being afterwards dyed with the bark, 
it became of an olive colour. 


Cotton dipped in a weak folution of foda, and 
then in a diluted folution of the grey ore of Co- 
balt, (Cobaltum Galena,) in the muriatic acid, 
became firft green and then yellow; and this 
being afterwards dyed with Quercitron bark, the 
colour changed to a lafting black. The pure 
Cobalt, diffolved either by the muriatic or the 
nitric acids, and applyed in this way to cotton, 
produced a cinnamon brown colour, with the 


Quercitron bark. 


Cotton wetted with a folution of foda, and then 
with a diluted nitrate of nickle, became green, 
and being afterwards dyed with the bark, it be- 
came of a full cinnamon brown. 


Iron, though I mention it laft, feems to be the 
moft ufeful of the metallic bafes for dying on 
cotton and linen with the Quercitron bark, and 
more efpecially for producing the drab, mud, 
dove, and olive colours, with the great variety of 
fhades which refult from a mixture of thefe upon 
cotton velvets, velverets, fuftians, &c. Thefeco- 
lours have hitherto been commonly dyed from 
what is called the old fuftic, (morus tin@oria, ) 
though they may be given more cheaply and 
conveniently with the Quercitron bark in the 

fame 
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fame ways, and when fo given, are more lafting 
than thofe given by fuftic, as I have repeatedly 
found by expofing famples of each to rain, fun, 
and air, for the fpace of fix months together. 


The cheapeft form in which iron can be em- 
ployed in this way, is that wherein it is diffolved 
by fulphuric acid, as in the common fulphate of 
iron or green copperas; and after many trials I 
have not found any other combinations of this me- 
tal capable of producing effects fo much better in 
dying as to compenfate for the increafed expence 
attending their ufe. Copperas and Quercitron 
bark, in different proportions, produce all the 
different fhades of the drad colour, from the 
deepeft to the lighteft; and for this purpofe, the 
copperas may be either diflolved in a deccétion 
of the bark, and the pieces of cotton velvet, vel- 
veret, or fuftian turned through the liquor (of a 
fuitable heat) by the winch, or the bark may be 
boiled with water in one veffel and the copperas 
diffolved by warm water in another, and the 
pieces paffed as ufual, firft through the latter 
and then through the former, and {fo alternately 
from one to the other, until the proper fhade is 
acquired ; and by adding after the rate of one 
pound of chalk to eight pounds of copperas 
in the veffel wherein this laft is diflolved, 
the colour will be rendered more durable, and at 
the fame time changed a little to the chocolate 
brown. 


To produce the olive fhades, fulphate of cop- 
per (blue vitriol) wich about one-eighth part of its 
weight of chalk, or alum with a like proportion 
of chalk, may be employed along with the cop- 
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468 PHILOSOPHY OF 


peras, fo as to give the drab colour a fufficient in- 
clination towards the yellow hue; and for this pur- 
pofe the blue vitriol is, I think, preferable to alum. 


For the drab colours; one or two pounds of 
copperas, according to the fullnefs of colour 
wanted, with about three times as much bark as 
of coppetas, and a little chalk, will fuffice to dye 
toolb. weight of velvet, velveret, or fuftian: and 
for the olives, it will only be neceffary to dimi- 
hifh the quantity of copperas according as the 
fhade is wanted to iiicline more or lefs to the yel- 
low, and add as much or a little more blue vi- 
triol in its ftead: and for this purpofe the blue 
vitriol may be either diffolved in the fame vefiel 
with the copperas (and chalk,} or it may be dif- 
folved with chalk in a feparate (third) veffel, and 
the velvets or fuftians, after they have been 
turned or worked fufficiently, in the two firft vef- 
fels, containing, one the copperas liquor, and 
the other the bark liquor, may be turned or 
worked in the folution of blue vitriol in the third 
veffel, until it inclines fufficiently to the yellow 
hue; and perhaps this method will generally be 
found moft convenient to fuftian dyers, who are 
frequently required at the fame time to dye a 
ereat variety of different fhades. But other- 
wife it probably would be moft advantageous 
to turn and foak the pieces for a little time in 
the folution of copperas and chalk, or of cop- 
peras, chalk, and blue vitriol, (or alum inftead 
of blue vitriol,) then immerfe them for a few 
minutes in lime water, and afterwards rince and 
dye them in a decoction of bark, by which, co- 
lours much more lafting and much lefs liable 
to fpot than thofe commonly obtained, might 
be dyed; it would, however, be more difficult in 

this 
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this way to produce that great variety of fhades, 
which in the other are eafily attained by any 
dyer accuftomed to the ufe of old fuftic for the 
hke purpofes, as I well know by my own expe- 
riments and by thofe of others. One pound of 
bark will commonly produce as much effect as 
four pounds of old fuftic. 


When darker colours are wanted, than can be 
conveniently given with the Quercitron bark and 
copperas, a portion of Spanith fumach may be 
added to obtain them, as is done for faddening 
the colours given with old fuftic and copperas ; 
though it is poffible to produce a durable colour, 
approaching very nearly to a perfeéd black, by 
the Quercitron bark and the iron bafis, by firft 
foaking the cotton in a weak folution of barilla 
and liver of fulphur, then drying and immerfing 
it in a diluted folution of iron, by the nitro mu- 


riatic acid, and afterwards dying it with the bark. 


Of the Application of Quercitron Rark in Topical 
Dying or Callico Printing. 


Between the 170th and 179th pages of this 
volume, I have given a general though fum- 
mary account of the art of callico printing, as 
practifed during many ages by the inhabitants 
of India; and alfo of the improvements which 
have followed the introduétion of this art into 
Europe. I have alfo particularly defcribed the 
two principal mordants or bafes employed to fix 
and raife the different adjeCtive colours, by topi- 
cal or partial dying; I mean the printers’ alu- 
minous mordant or acetite of alumine, and what 
as called iron liquor (acetite of iron), made by 

diffolviag 
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diffolving that metal in vinegar, four beer, 
&c. Thefe mordants the callico printers have 
very improperly named colour or colours, though 
they only afford the bafis or bafes of colour, to 
be afterwards obtained from madder, weld, Quer- 
citron bark, &c. For an account of the pre- 
paration of acetite or fugar of lead, and of the 
fubftitutes for it,in making the aluminous mor- 
dant, I cannot do better than refer my readers 
to Mr. Berthollet’s chapter on that fubjet, and 
to the writers therein mentioned; and, for an 
account of the true nature and advantage of this 
aluminous mordant, my readers will be pleafed 
to recur to pages 176, 177, 178, 179 and 180 
of this volume. Of the iron liquor, it may be 
proper to obferve, that, when made with vinegar, 
that which has been longeft kept is moft ef- 
teemed. But of late much is confumed, which 
has been prepared by diffolving iron more expe- 
ditioufly in the pyro ligneous acid obtained by 
diftillation from wood and from tar; and it is 
probable that, in fome cafes, the action of this 
acid has been ftrengthened by an addition of 
the muriatic, though this laft muft have a ten- 
dency to render the folution corrofive. 


Linens or cottons, before they are printed, 
require to be bleached ; and the more perfectly 
this operation is performed either by the old or 
new method, the lefs will the parts intended 
to remain white be afterwards hatred by the 
madder, weld, or bark liquors in dying; and 
the more eafily will any difcolouration from 
thefe liquors be afterwards difcharged. After 
bleaching, the pieces will need to be calendered, 
in order to produce a fmooth furface, and render 
14 the 
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the woof and fhoot as even and fquare as poffible, 
and thereby favour a due application of the 
mordants; which, being firft properly thickened 
by ftarch, flour, or gum, as formerly men- 
tioned, are to be applied by blocks, plates, cy- 
linders, &c. as thofe employed in this part of 
the bufinefs fufficiently underftand. This being 
done, the pieces are to be well dried in a ftove 
heat, fo as to evaporate the acetous acid, holding 
the bafis in a ftate of folution, and caufe the latter 
to be more copioufly depofited and fixed in the 
pores of the cloth. 


After drying, the cleanfing operation follows ; 
and this is performed in a ciftern with water, 
nearly as warm as the hand can well bear, and a 
quantity of frefh cow-dung; in which the pieces are 
to be brifkly worked, fo as to diffolve the thick- 
ening of the mordant or mordants, and feparate 


all the unfixed fuperfluous particles of alumine 
or of iron, which the cow-dung ferves to en- 
tangle, fo as to hinder them from fpreading and 
attaching themfelves to the parts intended to be 
kept white, and there becoming the bafis of a 
future ftain or difcolouration, which it might 
be difficult to remove ; after this the pieces, being 
thoroughly foaked and well rinced in clean wa+ 
ter, will be fitted for dying with the bark, 


In many cafes, madder colours are to be mixed 
in the fame piece withthofe of the bark; but in 
thefe the madder ought to be firft dyed on a fe- 
parate courfe of work, in which the mordant or 
mordants are printed only fo far as the madder 
colours are intended to extend; and the pieces 
being then dried, cleanfed, and dyed with the 

Bb 2 t madder, 


372 PHILOSOPHY OF 


madder, and afterwards whitened by braning 
and bleaching, are to be calendered, and made 
ready to receive a fecond courfe of mordants 
for the bark, in which the pieces are to be 
printed, dried, cleanfed, 8c. as juft mentioned. 


My readers have been already informed, that 
the bark produces a good bright yellow with the 
aluminous mordant, and a drab colour with the 
iron liquor ; and that both together mixed in 
different proportions, produce different fhades 
of olive and olive-brown colours. And that if 
a ftrong decoétion of galls be added to the tron 
liquor, and the mixture applied in the fame way 
to linen or cotton, it will, by dying with the 
bark, produce a black fufficiently fixed, though 
inclining a little to a brownifh hue. By means, 
therefore, of the aluminous mordant and the 
iron liquor, three very diftinét colours befides the 


black are obtained from Quercitron bark: and 
moreover, by applying the aluminous mordant 
wpon a madder red and an Indigo blue, an 
orange in the firft cafe, and a green in the fe- 
cond, will be produced when the piece comes 
to be dyed with the bark. 


I have already noticed (at page 186) the 
practice of colouring the folution of alum, in the 
Eaft Indies, with fampfan or fappan (red) wood ; 
a practice which the callico printers of ‘Europe 
have imitated, by colouring, the aluminous mor- 
dant with Brafil wood, (and thence calling it 
red colour,) not only when it 1s intended to ferve 
as a bafis for the madder red, but alfo for the 
Quercitron or weld yellows ; though in the latter 
cafe at leaft, the practice ought to be Jaid afide. 

It 
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It is indeed neceffary that fome tinge fhould be 
given to mordants in callico printing, in order 
that the printer may readily difcern the exact 
progrefs and extent of his work: but it is much 
better to give this tinge, from Quercitron bark, 
to figures or parts intended afterwards to receive 
the bark or the weld colours by dying, than to 
give it from Brafil wood; the colour of which, 
were it to remain, would hurt the true yellow in- 
tended to be afterwards fixed upon the alumi- 
nous bafis: but the falfe Brafil colour, not havin 
fo much affinity with the bafis as to be able to 
maintain its fituation, 1s always diflodged by the 
fuperior affinity of the bark or weld. This diflodg- 
ment, however, of one colouring matter by the 
application of another, takes up fome time, and 
unneceffarily prolongs the dying procefs (the 
yellow in this cafe rifing more flowly); and the 
parts intended to be kept white are alfo rendered 
liable to a greater degree of ftain or difcoloura- 
tion. But, where the mordant has been tinged 
with the Quercitron bark, a portion of the co- 
lour intended to be given is already applied to 
the bafis; and, though at firft not perfectly fixed 
upon the linen or cotton, it foon becomes fo in 
the dying veffel; whilft the additional colouring 
matter of the bark, having no falfe Brafil wood 
colour to diflodge, applies icfelf without impe- 
diment to the aluminous bafis, and produces the 
requifite degree of colour much more quickly, 
as may be eafily feen upon a proper trial. 


I do not indeed think that any degree of tinge 
ought to be thus given, even from thé bark, 
beycnd what is neceflary to énable the workman 
to fee his work with fufficient clearnefs; becaufe 
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the particles of alumine or of iron, when pre- 
vioufly united to any fpecies of colouring matter, 
do not feem by cold application to fix them- 
felves either fo intimately or fo copioufly in the 
fibres of linen or cotton, as they do when ap- 
plied without any fuch union or incumbrance ; 
and I have repeatedly found that yellow co- 
louring matter, dyed upon an aluminous bafis 
untinged, produced a more lafting colour than 
it does upon a bafis previoufly tinged even by 
Quercitron bark, and much more lafting than 
where the tinge had been given with Brafil wood. 
And this faét will enable us to conceive one at 
leaft of the reafons why it is moft advantageous, 
in dying upon linen or cotton, to apply the 
aluminous bafis firft by itfelf alone. But, in 
topical dying with the Quercitron bark or with 
weld, wherever it is neceflary to give a moderate 
degree of tinge to the mordant, whether alu- 
minous or ferruginous, (i. e. iron liquor,) or a 
mixture of thefe, I muft ftrongly advife it to be 
given by a decoction of the bark made very 
{ftrong, that it may not too much weaken the 
mordant, and at the fame time employed as 
fparingly as the nature of the cafe will permit. 
The effect of mordants topically applied, often 
depends greatly upon their being either too 
much or too little thickened with gum, ftarch, 
or flour, which are ufually employed for this 
purpofe. When the liquor has been too much 
thickened, it does not fufficiently penetrate the 
fibres or fubftance of the linen or cotton, and 
therefore the colour raifed upon it proves weaker 
and lefs durable than it otherwife would do: 
but on the contrary, if the liquor be not fufficiently 
thickened, it runs or f{preads too far upon the ll 
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face of the piece, and produces figures or im- 
preffions which prove confufed and undefined. 
In general the liquor for this kind of application 
fhould be made fo thick, and only fo thick, as 
barely to. prevent its fpreading beyond the pra- 
per limits; and it feems more neceffary to catch 
exactly this point of thicknefs or fluidity with 
the iron liquor than with the aluminous mor- 
dant, becaufe the oxyd of iron does not com- 
bine fo intimately as the alumine does with the 
acetous acid; but, on the contrary, it remains 
fufpended in a lefs divided ftate, and neither 
penetrates fo freely nor unites fo intimately as 
the particles of alumine with the linen or cotton 
to which it is applied; and therefore the iron 
liquor in particular ought never to be thickened 
any more than is neceflary to hinder it from 
{preading too far. 


When the mordant has ‘been applied, and 
has had fufficient time to penetrate the fubftance 
of the cloth, it fhould be thoroughly dried in 
air artificially heated as before mentioned, fo as 
to evaporate not only the water, but as much 
as poffible of the acetous acid united to the 
alumine, or to the oxyd of iron, in order that 
nothing may remain to oppofe their intimate 
union with the fibres of the linen or cotton, 
which the water, and more efpecially the acid, 
neceffarily would do, by exerting their own par- 
ticular affinities upon the fubftances intended to 
be thus intimately united. It will however be 
impoffible in #his way to evaporate the Sulphuric 
acid, of which the aluminous mordant, made with 
the ufual proportions of alum and fugar of lead, 
alway contains a little; and which, whenthe pieces 
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are brought under the cleanfing operation, enables 
the warm water to re-diffolve and feparate a part 
of the alumine, wanted for raifing and fixing 
the colours intended to be afterwards given by 
dying; which alumine, being fo re-diffolved and 
feparated, is apt, ewen in {pite of the vifcidity 
and entanglement of the cow-dung, to fix itfelf 
again upon thofe parts of the linen or cotton in- 
tended to remain white, and occafion a much 
greater and more lafting degree of ftain or dif- 
colouration than would otherwile take place in 
the dying veffel. Thefe effets might indeed 
be obviated, by mixing a little lime or chalk 
with the cow-dung and water employed for the 
cleanfing, fo as to neutralize the fulphuric acid; 
but, by fo doing, a fulphate of lime would be pro- 
duced ; and this, by fixing itfelf on the parts in- 
tended to be kept white, would give them a 
calcareous bafis, and occafion another kind of 
{tain or difcolouration as bad as that intended to 
be thus prevented. But carbonate of pot-afh or 
mild vegetable alkali, ufed in this way inftead 
of lime, will anfwer the purpofe of neutralizing 
the fulphuric acid, without communicating any 
improper bafis of colour, fo as to occafion that 
kind of ftain or difcolouration which it is fo de- 
firable to avoid; though if any more of it be ufed 
than what is fufficient barely to neutralize the 
acid in queftion, it will exert a mifchievous ac- 
tion, by diffolving a portion of the aluminous 
bafis fixed upon the linen or cotton, and render 
the yellow afterwards communicated by dying 
more feeble than it otherwife would have been. 
A very little of the mild vegetable alkali may 
however be ufed in this way with advantage, 
fo as to leave the pieces capable of receiving 
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full ftrong colours, whilft the parts intended te 
remain white will be but very flightly difcoloured 
by the dying procefs, and after wards eafily 
whitened. The mild vegetable alkali does not 
diffelve the oxyd of iron, and therefore may be 
ufed in this way with lefs caution to pieces printed 
only with the iron liquor. 


It is in all cafes of great importance, that 
the cleznfing operation fhould be well conducted, 
and thoroughly performed ; but more efpecially 
where a large proportion of drab, dove, and 
olive colours are to be intermixed with yellows ; 
becaufe the oxyd of iron, which ferves as a bafis 
to the former, is very apt to attach itfelf too 
copioufly to the linens or cottons on which the 
iron liquor is printed; and unlefs the redundant 
part be carefully removed in the cleanfing ope- 
ration, (which is a work of fome difficulty, ) it will 
remain, and be afterwards attracted and feparated 
by the colouring matter of the bark in the dying 
veffel; and, uniting therewith, it will give the 
dying liquor an olive or drab colour tinge, and 
greatly tarnifh the yellow figures or defigns, as 
well as ftain the parts intended to be kept white: 
and, therefore, whenever the iron liquor is to be 
printed upon the fame piece with the aluminous 
mordant, the former fhould be diluted as much 
as it will bear, without making the liquor too 
weak to afford a fufficient bafis for the colour 
intended to be afterwards dyed upon it. By 
fuch dilution, joined to proper care in cleanfing, 
the yellows may be made to come out of the 
dying liquor perfeétly untarnifhed; which other- 
wife they will not do, at leaft when accompanied 
with any confiderable proportion of figures or 
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defigns which have been printed with iron 
liquor. 


Having premifed thus much concerning the 
operations of printing and cleanfing, I now pro- 
ceed to that of dying with the Quercitron bark. 
For this, a fuitable portion of the bark, previ- 
oufly ground, is firit to be put into a dying 
pan or veficl with cold water, and the 
pieces to be dyed immediately after; a {mall 
fire is then to be lighted under the pan, fo 
as gradually to warm the water; and, while 
this is doing, the pieces are to be flowly turned 
by the winch, in order that the colouring mat- 
ter may apply itfelf equally: when the liquor 
becomes a little more than blood warm, the co- 
lours will take fufficiently quick, and prove 
more lafting than they do when raifed more 
haftily ; becaufe in a moderate warmth the co- 
louring particles (as was before obferved) have 
time, and are enabled to adjuft themfelves more 
accurately, and unite themfelves more clofely to 
the particles of alumine, than they can do when 
haftily thrown and accumulated by a greater 
heat upon the printed figures or defigns. And 
I. have repeatedly found, that famples flowly 
dyed with the bark in this way, being expofed 
to the fun and air along with others dyed more 
expeditioufly in a boiling heat, proved much the 
moft lafting. And if the Quercitron yellow has 
at any time been found lefs durable than that 
of the weld, it can only have been fo through 
fome defect in the mode of dying, at leaft if 
there was none in the mordant. Hitherto the 
bark has generally been ufed with too much 
heat at firf. I fay at firft, becaufe after the 
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colour has been flowly raifed, by liquor mode- 
rately warm, to nearly the proper height, a 
boiling heat will do no harm, excepting that of 
occafioning a little more ftain or difcolouration 
upon the parts intended to remain white; and 
though the avoiding of this is an additional motive 
for applying the bark in water of a moderate 
warmth only ; yet this of itfelf might not bea very 
powerful motive, becaufe fuch ftains from the 
bark are much more eafily removed than thofe 
refulting from weld. But the moft effential dif- 
ference between thefe vegetables, refpeéts the de- 
gree of heat by which their feveral colours are 
moft permanently fixed upon linen or cotton; 
that of weld requiring at leaft a fcalding if not a 
boiling heat to render it lafting, whilft the bark 
colour, as has been already obferved, proves 
moft durable when applied in water-but little more 
than blood warm. And indeed I have found, 
during the Summer months, that cottons printed 
with the aluminous mordant were able to imbibe 
a good, though not a very high yellow, by only 
remaining a few hours with bark in water of the 
heat of the open air, (in which it was placed,) 
and without any perceptible ftain or difcoloura- 
tion upon the parts not printed. A piece of the 
callico fo dyed in the heat of the atmofphere on- 
ly, being cut off and farther dyed with the bark 
in boiling water, it imbibed a greater body of 
colour ; but a fample of this and of the former 
or paler yellow being equally expofed to the fun 
and air, I found at the end of three weeks, that 
the latter, which had been the deepeft, retained 
no more body than the other; the additional co- 
Jouring matter, which in a boiling heat had been 
enabled to apply itfelf upon the aluminous bafis, 
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having been ali difcharged during this expofure 
to the weather. A fact which feems to indicate, 
that when the alumine has attracted to itfelf a 
certain portion of colouring matter, any addi- 
tion made to it afterwards by the aid of heat, 
will be lefs permanently fixed, and therefore lia- 
ble to be more fpeedily removed by any of the 
caufes which ufually contribute to the decay of 
colours. 


All the different fhades of yellow may be ob- 
tained from the Quercitron bark by varying the 
quantity, and applying it with greater or leffer 
degrees of heat during a longer or fhorter time. 
By ufing the bark fparingly in water only blood 
warm, pale delicate yellows may be raifed in 
about fifteen or twenty minutes, and the parts 
intended to be kept white will receive fcarcely 
any difcolouration; by a larger proportion of 
bark, and by keeping the pieces for a longer 
time in the dying liquor, though without increat- 
ing its heat, a full and clear lively yellow may be 
produced ; and by a ftill greater proportion of 
the bark, and a prolongation of the dying ope- 
ration in a fcalding heat during the latter part of 
it, the colour may be raifed firft toa high gajden, 
and afterwards to a very full brownifh yellow. 
The quantity, therefore, of bark to be employed 
muft always denend upon the nature and clofe- 
nefs of the figures or impreffions which are to be 
dyed, and the height or fullnefs of colours in- 
tended to be produced. Commonly, however, 
one or two pounds of bark will fuffice for eac 
piece ; but, where too little has been employed 
at firft, a farther quantity may be afterwards add- 
ed without inconvenience ; and, when the dying 
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ts to be performed in a very moderate heat, it 
will always be moft advantageous to employ a 
little more bark than is neceffary; which may 
be done without any lofs of colouring matter, 
becaufe other pieces may be afterwards dyed, 
with a farther fupply of bark, in the fame li- 
quor; and I have found that yellows, whether 
dyed from bark or weld, commonly prove moft 
durable when the dying liquor has been fome- 
what plentifully ftored with colouring matter ; 
and in general I think it beft to employ the bark 
fo freely, as that the liquor may be (trong enough 
without being made more than blood warm, to 
produce full bright yellows in the fpace of half or 
three quarters ofan hour; the tinge or difcolou- 
ration which the parts not printed imbibe from 
the bark in this way not being half fo great a 

that produced by weld, and it being afterwards 
difcharged with lefs than half the time and trou- 
ble which even an equal degree of ftain from the 
latter would require. Indeed, where the pieces 
have been at firft well cleanfed from all loofely 
adhering and fuperfluous particles of the alumi- 
nous or ferruginous bafes, the difcolouration from 
bark generally proves fo inconfiderable, that by 
rincing or wafhing them in cold, and more ef- 
pecially in warm water, it may be fufficiently re- 
moved without either braning or bleaching, ex- 
cepting where the unprinted parts are required 
to be uncommonly clear and white: and when 
this is the cafe, I think it beft to add after the 
rate of one pound of cream of tartar, in powder, 
for every twelve or fourteen pounds of bark, put- 
ting the tartar into the water immediately after 
the bark, and then dying the pieces, as I have 
already explained, The tartar ufed in this way 
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will contribute much towards keeping the white 
or unprinted parts free from ftain or difcoloura- 
tion; and it will, moreover, give the Querci- 
tron yellow that bright, clean, and delicately 
ereenifh hue which is fought for in the weld, fo 
as to make the former refemble the latter. But, 
as the tartar tends to keep the Quercitron yellow 
from taking fo faft or rifing fo high as it would 
otherwife do, the liquor may, in this cafe, be 
made hotter in the latter part of the operation. 
On the contrary, if, inftead of tartar, one pound 
of clean white pot-afh be added for every thirty 
pounds of bark, a very high, and at the 
fame time a very bright yellow will take fo 
quickly, that the liquor fhould never be more 
than blood warm: and, though the unprinted 
parts may feem a little more ftained than they 
are when no pot-afh is ufed, the ftain will be dif- 
charged by thoroughly rincing and wafhing the 


pieces as ufual. 


Some callico printers, not acquainted with the 
beft methods of employing the bark, have thought 
proper to join with it a little of the decoction of 
weld: I cannot, however, recommend this prac- 
tice, becaufe in truth the bark, when properly 
ufed, wants no fuch affiftance, and becaufe the 
colouring matter of the weld does not take per- 
manently without a greater degree of heat than 
ought to be employed with the bark. It more- 
over occafions a much greater ftain upon the un- 
printed parts, and at the fame time degrades the 
madder reds and purples, (where thefe colours 
have been previoufly dyed,) much more than 
the bark. 
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It is to be obferved, that the very moderate 
warmth, which beft fuits this kind of dying with 
the bark, does not, in general, completely ex- 
tract its colouring matter, at leaft from fuch 
parts thereof as are not finely ground ; but, being 
tied up ina bag, it may be afterwards boiled 
feparately in water, and the decoétion fo made 
may be employed for dying olive and drab co- 
Jours, where they are not intermixed with yel- 
lows, or reds. Some callico printers have, in- 
deed, thought it beft, in all cafes, to begin by 
boiling the bark in a {mall quantity of water, fo 
as fully to, extract the colouring matter, and 
then, for yellow as well as drab and other bark 
colours, to put a fuitable proportion of the de- 
coction into the dying vefiel, with clean warm 
water, and dye the pieces therein, adding more 
of the decoction as wanted from time to time. 
I do not, however, think this practice fo conve- 
nient as what I have recommended. 


A very ingenious printer ina diftant country 
and warm climate, fome time fince favoured mt 
with an account of his method of ufing the bark, 
which he confiders as one of the beft: “I pound 
(fays he) the bark, and boil it in a good quan- 
tity of water, fay twenty-five gallons to feven 
pounds of bark; after which I let it fettle, and 
pour off the clean decoétion; of which I add a 
portion to a tub fullof elean cald water, and im- 
mediately, with the hand, pafs a quantity of 
clean rinced (printed) cloths through the water ; 
they take on colour very quickly, and it appears 
frefh and beautiful: I then add another portion 
of the deco¢tion, and bring out a pretty full yel- 
low; meanwhile I have my large eopper ready 
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with clean water as warm as the hand can well 
béar, and to this I add alfo a portion of the de- 
coction; and then remove the cloths from the 
tub into the copper, and turn therh quickly round; 
by which method I obtain the beft and moft du- 
rable yellows: ten or fifteen minutes will be long 
enough to keep the cloths in warm water, where 
2 delicate yellow is required.” ‘I found it eafy,” 
continues the writer, ‘* to manage the olive and 
drab colours in the copper ; for zhe/e, I ufe the 
bark which has been once boiled for the yellow ; 
feven or eight pounds of it are tc be boiled in 
twenty-five gallons of water, and then the whole 
is to be thrown into a copper containing about 
250 gallons ; through which I pafs about 225 
yards of cloth perfectly well rinced, or, if it be 
heavy work, only about 180 yards, which are 
to be turned quickly round: J begin with a mo- 
derate fire, which in halfan hour is to be raifed 
fo as to make the water almoft boil. Here, and 
efpecially for dove colours, I ufe a little fumach, 
which requires confiderable heat before it pro~ 
duces any good effect; and therefore I think 1¢ 
ufelefs for yellow,. which the bark produces with 
folittle heat. I have feldom allowed more than 
an hour for fuch olives, drabs, and doves; and 
I never join yellows with them, becaufe the 
grounds wiilin this way be fo much ftained as to 
require more bleaching than the yellows can bear 
without injury; but doves, olives, and drabs 
ftand the bleaching, and remain unimpaired af- 
ter the grounds are become perfectly white.’’ 
This account the writer concludes by faying, “I 
have been able to do more variety of work with 
the bark than with any other colouring matter 
yet known; it is pleafing to work with, as it 
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takes effeét quickly, and is very eafily managed 
by any perfon who knows the bufinefs of neutra- 
lizing falts, and preparing cloth to receive co- 
jour.” ; 


The rule which this gentleman feems to have 
prefcribed to himéelf, of never joining the drab 
and dove colours to the vellow, is, I believe, 
much too rigid; for though, in truth, it is im- 
poffible to dye perfectly bright yellows where 
they are intermixed with any confiderable pro- 
portion of what is called the d/ack colour, and 
difficult to do it where the drab and dove co- 
jours abound very much; yet, in the latter cafe, 
this difficulty may be very much diminifhed by 
ufing the iron liquor of no greater ftrength than 
is neceflary, and taking eare to have the pieces 
thoroughly cleanfed (as lately mentioned) be- 
fore they are put into the dying veffel: if this be 
done, a confiderable portion of olive, drab, and 
dove colours may be intermixed, and even a lit- 
tle of the black, without any material degrada- 
tion of the yellow. To improve the black, and 
darken the drab or dove colours, (which the 
printer is often defirous of doing,) a little Mala- 
ga fumach, (rbus coriara,) in powder, may be 
advantageoufly employed with the bark, after 
the rate of one pound of the former to three or 
four of the latter. It is, I believe, generally 
thought beft to raife the colours firft with the 
bark, and afterwards change or darken the doves 
and blacks by adding the fumach, and continu- 
ing the procefs until the defired effe&ts have been 
produced. My own experiments, however, lead 
me to conclude, that time may be faved, and 
every good purpofe attained with equal certain- 
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ty, by putting the fumach into the dying vefiel 
along with the bark, and thus applying the co- 
louring matters of both at the fame time; taking 
care, however, not to heat the dying liquor be- 
yond what the hand can bear. In this way the 
parts unprinted may be kept perfectly white, fo as 
never to need either bleaching or braning. The 
fumach, indeed, when put into the water at the 
fame time with the bark, and ufed in this way, 
produces, in an extraordinary degree, the effect 
of keeping the white or unprinted parts perfectly 

clear and free from all difcolouration ; which it 
probably does by means of a particular acid 
contained in this and many other aftringent ve- 
getables: One pound of fumach to three of the 
bark will be amply fufficient for this laft purpofe; 
and in that proportion the fumach will make the 
parts printed with iron de incline towards a 
purple colour inf ead of the drab, which Quer- 
citron bark ufed alone would produce. 


This change of colour produced by fumach 
will fometimes render the ufe of it inconvenient ; 
but when this is not the cafe, a {mall proportion 
thereof joined to the bark, as before mentioned, 
will prove more effectual than cream of tartar 
in preventing even the flighteft {tain or difco- 
louration upon the unprinted parts of cottons to- 


pic ically dyed. 


A gentleman, of whofe information I have 
more than once availed myfelf, fome time fince 
brought from Bengal, and gave me a parcel of 
the dried leaves and tops of a plant there called 
D’howah, and employed, as he informed me, 
in the dying of topical or field colours by put- 
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ting a fmall quantity of it into the copper when 
the colours begin to rife, in order to keep the 
grounds or unprinted parts clear ; an effect which, 
upon trial, I found it produce nearly as well as 
fumach ; and upon dying a bic of cotton which 
had been printed with iron liquor and the alumi- 
nous mordant feparately, in a decoétion of this 
plant only, it imbibed colours very nearly refem- 
bling thofe of fumach, though the decoction itfelf, 
even when made very ftrong, did not difcover 
any aftringency to the tafte. 


The berries of the common Pennfylvanian fu- 
mach (rbus glabra) are covered with a red fari- 
naceous matter, containing a large proportion of 
an acid which | believe to be the oxalic. Thefe 
berries employed with the Quercitron bark, af- 
ter the rate of one pound of the former to twelve 
of the latter, produced effects nearly fimilar to 


thofe of cream of tartar, as already mentioned, 
in preferving the unprinted parts of cottons from 
being ftained, and in giving the Quercitron yel- 
low the pale greenifh complexion which diftin- 
guifhes that of weld. Such means cannot, how- 
ever, be employed where very full high yellows 
are wanted ; and when this is the cafe, if the 
grounds or unprinted parts are required to be 
perfectly clear and white, it may be beft to em- 
ploy a little clean pot-afh in the dying, as lately 
mentioned, and afterwards to fpread the pieces 
for aday or two upon the grafs, laying what is 
called the wrong fide upwards, as is practifed 
with other field colours. Thofe of madder and 
weld indeed always require this operation, though 
it cannot be wanted for thofe of the bark, except 
in the fingle cafe juft mentioned; and then only 
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for a very fhort time, unlefs it be in rainy cloudy 
weather, when this kind of bleaching proceeds 
very flowly with all colours, becaufe the action 
of the air is then not only unaffifted by the rays 
of the fun, but obftructed by the water which it 
holds in a flate of folution. 


Mefirs. T. H. and fon, very ingenious dyers 
of printed velverets, fuftians, &c. near Man- 
chefter, fome time fince informed me of their 
having purchafed the knowledge of an advanta- 
geous method of ufing the bark for this particu- 
Jar kind of dying, and of their having practifed 
it with fo much fuceefs as to have wholly laid 
afide the ufe of weld. This method they after- 
wards gave me'an account of, in confequence of 
my offering to repay what it hadcoft them; which 
i did from a defire to afford the public all poffi- 
ble information on this fubjet. Their account 
is as follows, viz. 


* In ufing the Quercitron bark, for every 
four pieces of half-ell velverets, about forty yards 
long, we take eight pounds of the light coloured 
bark and put it into a cafk large enough to hold 
about 70 pallons, open at the top, and provided 
with a fpigot and faucet placed about fix inches 
from the bottom to draw off the liquor: we 
fill this eafk with boiling water, ftir it well, and 
ket it remain upon the bark; for three hours or 
more; and then after the (printed) goods have 
been well wafhed out of the dying hquor, for the 
four pieces we put four pounds of Malaga fu- 
mach into a copper nearly filled with water, and 
with a very little fire under it; in this we put 
and keep the goods for about one hour, ie 
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which the dove or drab colours may be ren- 
dered fufficiently dark by keeping the liquor, at 
moft, a littlke more than blood warm. When 
the goods are taken out of the fumach liquor, 
they muft be rinced in water; and whilft this is 
doing, we draw the clear bark liquor out of the 
cafk and put it into a copper with as much wa- 
ter as will ferve to dye the goods conveniently ; 
we then light a fire and gradually bring the li- 
quor to a blood warmth in about an hour, keep- 
ing the goods therein till the yellow becomes 
fufficiently dark or full, and taking care that 
the liquor be not made too hot, The goods, 
being well wafhed after dying in this way, will 
be found white without branning.”* 


Itought to be remembered, that, according 
to this method, the fumach is to be applied fe- 
parately before the bark, inftead of being applied 


after or along with it, as 1 have ue recom- 


mended in callico printing. How far this me- 
thod may be preferable to the other for the dy- 
ing of printed velverets, future experience muft 
determine; though certainly that of Mefirs. H. 
and fon ought, on this point, to have great 
weight even at prefent. In callico printing, 
however, this method of applying the fumach 
and bark has been tried, not only by the expe- 
riments which I have made upon a fmall fcale, 
but by thofe which an ingenious callico printer 
made fometime fjnce on a larger one, at my 
defire, and in both, without affording any reafon 
to prefer it over the other. 


It can hardly be neceflary for me to mention 
here, that the Quercitron yellow produces a green 
ei upoOR 
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upon an indigo blue, and an orange upon the 
madder red, tn the fame ways and by the fame 
means which enable the weld to produce thefe 
colours in callico printing. Norneed I mention 
the advantage which the bark poffeffes over weld 
in this way, by not tarnifhing the madder colours 
upon pieces where juch colours have been pre- 
vioufly dyed; this advantage being now gene- 
rally known and acknowledged. 


Of the Ujfes of Quercitron Bark, in producing 
Topical Yellow and other Colours, proiubitan- 
tively, upon Cotton and Linen. 


By the denomination of profubftantive topical 
colours, [ mean certain mixtures, in which the 
colouring matter and the mordant or bafis are 
combined in a fluid ftate, fit to be applied #o- 
gether by the pencil, block, &c. to linen or cot- 
ton, as explained at page 176 of this volume : 

thefe are what callico printers have ufually 
Aah chymical colours; an appellation too 
vague to be retained in a work which aims at 
precifion and fyltematical arrangement. 


Were it poffible to obtain a fufficient number 
of Jafing and édright colours of this kind at a 
moderate expence, the art of cailico printing 
would foon reach the higheft degree of perfec- 
tion. Whether fo many of thefe ever will be 
difcovered, as to render topical dying unneceflary, 
I know not; but if we cannot obtain all that is 
defirable in this ref{pect, the art will at leaft de- 
rive benefit from any improvement in the few pro- 
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fubftantive topical colours now in ufe; and more 
efpecially from any addition to their number. 


My readers already know that alumine or the 
earth of alum when diffolved, efpecially in the 
acetous acid, and conveyed into the pores of 
linen or cotton, is able afterwards to attract to 
itfelf different adjective colouring matters, applied 
either by general or by topical dying, fo as to 
produce lafting red, yellow, and other colours 
and it is much to be regretted that for reafons 
which I have endeavoured to explain in other 
parts of this volume, the fame mordant will not 
produce colours equally permanent, when it 
has been previoufly mixed with the colouring 
matter, and is afterwards applied (with it) topically 
tolinen or cotton. The difference in this refpeét 
is indeed very great among the madder colours ; 
thofe dyed upon an alurminous bafis, applied fe- 
parately, being always very durable, whilft thofe 
given by profubftantive topical appiication fade 
and decay very {peedily. The difference is how- 
ever fo much le{fs when colours are produced in 
thefe different ways from Quercitron bark in- 
{tead of madder, that I can with confidence re- 
commend the bark as affording better and more 
durable profubftanuve yellows for topical ap- 
plication, than any thing elfe yet difcovered. 
The moft imple yellow of this kind which I have 
to offer, may be prepared in the following way 
and proportions, vz. For three gallons of profub- 
ftantive tingent liquor, let three pounds of alum 
and three ounces of clean chalk be firft diffolved 
in a gallon of hot water, and then add two pounds 
of fugar of lead ; ftir this mixture occafionally dur- 
ing the fpace of twenty-four or thirty- fix ours, 
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then let it remain twelve hours at reft, and after- 
wards decant and preferve the clear liquor ; this 
being done, pour fo much more warm water upon 
the remaining fediment, as, after {tirring and leav- 
ing the mixture to fettle, will afford clear liquor 
enough to make, when mixed with the former, 
three quarts of this aluminous mordant or acetite 
of alumine. Thentake not lefs than fix, nor more 
than eight, pounds of Quercitron bark properly 
ground, put this into a tinned copper veffel, with 
four or five gallons of clean foft water, and make 
it boil for the fpace of one hour at leaft, adding 
a little more water if at any time the quantity of 
liquor fhould not be fufficient to cover the fur- 
face of the bark: the liquor having boiled fuf- 
ficiently fhould be taken from the fire, and left 
undifturbed for half-an-hour, and then the clear 
decoction fhould be poured off through a fine 
fieve or canvaf{s ftrainer. ‘This being done, let fix 
quarts more of clear water be poured upon the 
fame bark, and made to boil ten or fifteen mi- 
nutes, both having been firft well ftirred; and 
being afterwards left a {ufficient time to fettle, 
the clean deco¢tion may then be ftrained off, and 
put with the former into a fhallow wide veffel 
to be evaporated by boiling, until what remains, 
being joined to the three quarts of aluminous 
mordant before mentioned, and to a fuffi- 
cient quantity of gum or pafte for thickening, 
will barely fuffice to make three gallons of li- 
quor in the whole. It will be proper however 
not to add the aluminous mordant until: the de- 
coétion is fo far cooied, as to be but little more 
than blood warm, and thefe being thoroughly 
mixed by ftirring, may afterwards be thickened 
by the gum of Senegal or by gum arabic, if 

the 
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the mixture is intended for penciling; or by a 
pafte made with ftarch or flour, if it be intended 
for printing. 


Where gum is employed, it will be proper firft 
to diffolye it in water, ufing only what is barely 
fufficient to produce a folution, left a greater 
quantity of water fhould increafe the mixture be- 
yond the quantity of three gallons, for which the 
portions of bark and aluminous mordant here 
prefcribed will properly fuffice, but not for more, 
without weakening the colour in fome degree; and 
for this reafon it may be fafeft to evaporate the 
decoétion rather more than feems neceffary; be~ 
caufe, when mixed with the other ingredients, if 
the whole proves to be lefs than three gallons, 
the deficiency may be readily fupplied by a little 
warm water. 


In preparing this mixture however, great care 
mutt be taken to thicken it only fo much as may 
be neceffary to keep it from running or fpread- 
ing beyond the proper limits ; fince every degree 
of thickening, beyond this point, will hinder the 
colouring matter from penetrating fufficiently 
into the fibres of the linen or cotton, and thereby 
render the colour fuperficial and feeble. 


When this profubftantive mixture (which I 
fhall diftinguifh as No 1.), after being duly 
prepared, has been applied to linen or cotton 
by the pencil or otherwife, the pieces fhould be 
thoroughly dried by a ttove heat, and afterwards 
placed in clean running water, to remove the 
fuperfluous colour ; and if running water be want- 
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sng, other fuitable means are to be employed 
‘at this purpofe. 


A good lively yellow may be produced in this 
way, not indeed quite fo lafting as that obtained 
when the mordant alone 1s app slied firft, and the 
colouring matter afterwards, by topical dying: 
it will however be able to bear the aétion of 
fun and air, and alfo of {cap in wafhing, for fo 
long a time, as almoit to deferve the appellation 
of a fa colour. 


It muft, however, be obferved that this yellow, 
though nearly or quite as high as that given by 
topical dying with either weld or Quercitron 
bark, does not prove fo high and full as is de- 
firable for this mode of application; fince co- 
lours which are applied by the pencil bear but a 
{mall proportion to the others with which they are 


intermixed, and are therefore required to be more 
ftrikingly full that they may not be overlooked ; 
and it is only in this refpect that the colour ob- 
tained from French berries, and called the derry 
yellow, has given any degree of fatisfaction, it 
being of all others the moft fugitive and fallaci- 
ous. To relieve callico printers from all tempt- 
ation to ufe a colour which, being fitted only to 
deceive, ought never to have been ufed, I have 
made numberlefs trials with the Quercitron 
bark, joined to almoft every poffible mordant or 
bafis; and of thefe fome have been attended 
with fuccefs, though the means employed in 
feveral of them are. either too expenfive or too 
difficult of application for general ule, by per- 
fons not verted in chymical operations. There 
are others however not liable to thefe objections ; 
and 
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and perhaps all things confidered the moft con- 
venient, among the feveral means of raifing the 
Quercitron yellow, for profubftantive topical ap- 
plication, and at the fame time of increafing 
its durability, may be found in the nitrate of 
copper, and the nitrate of lime, added to the 
mixture No. 1. juft defcribed. It is indeed true, 
that fome of the folutions of tin produce ftill 
higher yellows with the Quercitron bark; but 
they are liable to at leaft two objections, which 
will be particularly mentioned hereafter. 


If copper in fmall pieces be put ‘by a little at 
a time into a large open glafs veffel, partly filled 
with fingle aqua fortis, until the acid can diffolve 
no more of the metal; and if the folution be 
left open to a free accefs of air, it will foon be 
wholly converted into blue chryftals, which are 
what I mean at prefent by the denomination of 
nitrate of copper. About one pound and a 
-quarter of this falt may be added to the three 
gallons of profubftantive yellow No. r. together 
with four ouncesof pure unflacked lime, previoufly 
mixed with eight ounces of fingle aqua fortis. 
Clean oyfter-fhells thoroughly burnt willafford the 
beft lime for this purpofe; which fhould be beaten 
into powder before it is put into the aqua fortis, 
to form the nitrate of lime here wanted. This, 
as well as the nitrate of copper, fhould be added 
to the decoction of bark before mentioned foon 
after the aluminous mordant, and before the 
liquor has been thickened by gum or patte ; 
and the mixture fhould afterwards be well ftirred, 
and kept a little more than blood warm for haif 
an hour before the thickening is added. 


The 
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The nitrates of copper and of lime joined in this 
way to the mixture No. 4. will confiderably raife 
the yellow colour, andalfo enable it, for a longer 
time, to withftand the aétion of fun and air; 
they will alfo enable the colour to bear the aétion 
of vinegar and weak acids a little better than it 
otherwife would, though I do not confider this 
laft as any teft of the goodnefs of a colour, nor 
as being a circumftance of any great importance, 
This profubftantive colour | fhall diftinguith as 
No. 2. And confidering that the bark in this 
way affords a colour full as high, and infinitely 
more lafting, as well as eheaper, than any 
which can be obtained from French berries, I 
think thofe callico printers, if there fhould be 
any, who may hereafter continue to employ the 
Jatter, will fhew themfelves ftrangely unmindful 
of their own intereft, as well as of their duty ta 
the public, and the credit of their art. 


The nitrate of alumine, employed as a mor- 
dant with the decoétion of bark, produces a 
profubftantive topical yellow of confiderable 
durability ; but it is apt to acquire too much of 
a brownifh complexion. 


The muriate of alumine, mixed with the de- 
coction of bark, produces in this way, effects 
very fimilar to thofe of common alum ; and this 
is alfo the cafe where a tartrite of alumine is em- 
ployed. Alumine diffolved in the pyro ligneous 
acid, being tried with the bark in this way, pro- 
duced effects perhaps a little, though but a very 
little better. 


None 


BS pais ie oe 
P5325 ae sea 


PERMANENT COLOURS, &c. 499 


None of the folutions of alumine by pot-afh, 
foda, or ammoniac, facceeded as mordants with 
the bark, for topical application, fo well as the 
folutions made by acids. 


Ifa decoction be made from fix or eight pounds 
of bark, as directed for the preparation No. 1., 
but without any of the aluminous mordant, and 
if two pounds of the nitrate of copper, lately 
defcribed, be diffolved therein whilft a little 
warm, and the mixture afterwards properly 
thickened, it will produce, when applied to 
linen or cotton, a good profubftantive yellowifh 
green, capable of bearing expofure to fun and 
air, and wafhing with foap, fo as almoft to de- 
ferve the name of a faft colour. By adding four 
ounces of lime, mixed with eight ounces of 
aqua fortis, the colour will be improved ; and it 
may be rendered ftill more beautiful, and I think 
a little more lafting, by adding immediately 
after the nitrate of copper, one pound of am- 
moniate of copper, made by pouring a pound of 
the aqua-ammoniz of the New London Difpen- 
fatory into a clofe glafs vefiel, with a fufficient 
quantity of filings, or {mall bits of copper, and 
keeping the veffel clofely topped until the alkali 
has combined with as much copper as it can 
diffolve, and thus acquired a very beautiful 
deep blue colour. This yellowifh green pro- 
fubftantive mixture I fhall diftinguifh as No, 3. ; 
and I believe there are no other means by which 
a fimilar colour can be obtained of equal beauty 
and durability. 


The ammoniate of copper alone produces, 
with the deco¢tion of bark in this way, a creenifh 
yellow deferving of notice. 


The 
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The acetate of copper (verdigrife diffolved 
by vinegar) mixed with a decoétion of the bark, 
and topically applied upon cotton, produces a 
full brownifh yellow, which however proves not 
fo lafting as either No. 1. or No. 2. 


And the muriate of copper, with the decoc- 
tion of bark, produces in this way a yellowifh 
olive, which foon fades upon linen and cotton. 


It has already been noticed, that cottons im- 
pregnated with the oxyds or folutions of tin as 
a bafis of colour, and then dyed with Quercitron 
bark, imbibed colours highly beautiful, and ca- 
pable of refitting the action of boiling foap fuds 
as well as of {trong acids; but at the fame time 
highly fugitive, when expofed to the fun and 
open air, a defect which it would have been rea- 
fonable to expect even in a greater degree, where 
the tin bafis, inftead of being previoufly fixed 
in the cotton, was firft unired to the colouring 
roatter, and afterwards applied therewith profub- 
ftantively. A contrary effect however really 
takes place in fome degree. 


If a decoétion be made from fix pounds of 
bark, as for the preparation No.1. (but without 
any aluminous mordant,) and one pound, or one 
pound and a quarter of the murio-fulphate of 
tin, fo often mentioned, be added, the mixture 
being afterwards well ftirred and properly thick- 
ened, will afford a very bright and full profub- 
{tantive yellow, liable indeed to become a little 
brown by expofure to the fun and air; but at 
the fame time of confiderable durability, and 
able to withftand the action of acids or boiling 

foap 
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foap fuds. It mutt however be remembered, 
that the oxyd of tin has a ftronger attraction 
than that of iron, for moft vegetable colouring 
matters, and elpecially for that of madder; 
and therefore when profubftantive colouring 
mixtures, containing folutions of tin like that 
juft mentioned, are applied c/o/ely upon madder 
purples or blacks, (made fuch by the oxyd of 
iron, ) thefe latter colours will become red where- 
ever they are touched by thefe mixtures. And 
for this reafon, whenever a profubftantive yel- 
low is wanted to be laid immediately upon, the 
edge of a dark madder colour, (which is moft 
frequently the cafe,) it will be proper to employ 
the preparation, No. 2. 


The nitro-muriate of tin, made with about 
two parts of nitric to one of muriatic acid, pro- 
duces in this way, with the decoction of bark, 
a very high lively yellow, capable of refitting 
{trong acids, boiling foap, &c. but very, liable 
to become brown by expofure to the fun and air; 
an effect which I found lemon juice had the 
power of preventing, in fpots which, for ano- 
ther purpofe, had been wetted therewith, Olive 
oil applied fo as to cover yellow {pots or figures 
produced by the decoction of bark and nitro- 
muriate of tin, appeared to have no. effeét in 
defending or preferving the colour from injury 
by expofure to the fun and air; and linfeed oil 
applied in the fame way did manifeft harm, the 
fpots covered by it having acquired a blackifh 
hue after a few weeks expofure to the weather. 
Thefe joined to other facts will hereafter help 
us to fome ufeful. conclufions. Muriate of 
tin with the decoction of. bark, applied profub- 


Fdiss 
ftantively 


k 


400 PHILOSOPHY OF 


ftantively to cotton, affords a very lively delicate 
yellow ; but it is lefs capable than the former of 
refifting the action of foap, and of acids ; nor 
does it. long bear expofure to fun and air. This 
is alfo true of the yellow produced in this way 
by the tartrite of tin and decoction of bark. 


The fulphate of tin mixed with a decoétion 
of the bark, and applied in this way to cotton, 
gives a kind of cinnamon colour, fufficiently 
lafting. Phofphate of tin produced only a dull 
brownifh yellow with the decoétion of bark. 
Tin diffolved by cream of tartar, mixed with 
twice its weight of miuriatic acid, produced, 
with a deco¢tion of the bark, profubftantively 
upon cotton, a very lively ftrong yellow, of 
confiderable durability. I have tried many other 
folutions and combinations of tin with the bark, 
and indeed almoft every one which it is poffible 
to form, but without any effeéts better than 
thofe which may be obtained from the mixtures 
already mentioned. My readers therefore will 
not require a particular account of them, efpe- 
cially as the ufe of all profubftantive yellows whieh 
contain folutions of tin, though they afford by 
much the higheft and moft beautiful colours, 
mutt prove very limited by reafon of their 
effect of reddening the dark madder colours. | 


It has been already obferved, that the decoc~ 
tion of bark with the nitrates of copper and 
lime, and the ammoniate of copper, produces a 
good profubftantive yellowifh green; and this 
may be rendered darker and fuller by fuper- 
adding a portion of the logwood blue. Two cal- 
lico printers have afiured me that by combining 
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the bark and logwood with particular folutions 
or preparations of copper, they had been able to 
obtain a green for topical application fo faft, as 
to bear the procefs of field bleaching without 
injury; and one of them declared, that it was by 
adding to a decoction of bark and logwood 
boiled together, a fuitable portion of fulphate of 
copper and of verdigrife, with a little pot-ath; 
this laft, and the effervefcence which it produced, 
he feemed to think of importance. As yet, how- 
ever, my endeavours to produce a green fully 
anfwering this defcription have not fucceeded, 
though they have feveral times been attended 
with fuch appearances of fuccefs, as will induce 
me to make farther trials. Thofe hitherto made 
feemed to have failed principally by the want of 
fufficient permanency in the blue or logwood 
part of the green colour. A great number of 
experiments, made at leaft feventeen years ago, 
taught me, that a beautiful profubftantive blue, 
capable of refifting fun and air for a confiderable 
time, when applied topically upon linen or cot- 
ton, might be obtained by combining the colour- 
ing matter of logwood with the fulphate of cop- 
per and the ammoniate of copper. 


Six pounds of logwood boiled with water, as 
directed for the Quercitron bark, will afford co- 
louring matter enough for three gallons of 
liquor when thickened; to this decoétion whilft 
warm, and before it is thickened, two pounds of 
blue vitriol may be added, and as foon as it is 
diffolved, two pounds of ammoniate of copper, 
made as already explained; and the liquor after 
being well ftirred may bé thickened and applied 
as wiual. By fubfticuting the nitrate of copper 
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for the fulphate of that metal, a dark blue may be 
produced, equally durable but not fo lively and 

beautiful ; though I think this laft rather prefer- 
able to the other, for the pe of forming a 
profubftantive green w ith the Quercitron yellow; 
for which purpofe it will be fufficient to mix as 
much of this ae 3 blue with the yellowith 
green, No. 3, as may ferve to produce the parti- 
a fhade of colour wanted; or the logwood 
blue may be added to the yeHow, No. 2, for the 
like purpofe. And though the greens produced 
in thefe ways are not fo lafting as to deferve to 
be called faft colours, they are as good as any 
which I have yet been able to produce by unit- 
ing the Quercitron and logwood colouring mat~ 
ters, and indeed are fuch as it may be often con- 
venient to employ. 


If a fuitable portion of ftrong iron liquor be 


mixed with a decodtion of the Quercitron bark 
made as already directed, and the mixture be 
properly thickened, a profubftantive drab colour 
of fome durability for topical application, may 
be produced ; and this mixed with an equal por- 
tion of the preparations No. 1 or No. 2, will 
produce an olive. - a folution of iron, by a 
diluted muriatic acid, or by a diluted nitric 
acid, be ses kp for this Pere: inftead of 


i! ] 
iron liquor, it will produce colours a little more 


lafting ; but thefe folutions fhould be employed 
fparingly, that they may not hurt the texture of 
the linen or cotton to which they are intended to 
be applied. 


Zinc, diffolved by the fulphuric, the nitric, 
and the muriatic acids, feparately, and. mixed 
with 
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with the decoction of bark, produces brownifh 
yellow colours of different fhades, but nohe of 
them. fufficiently lafting when topically applied 
upon linen or cotton. 


Mercury, diffolved by the different acids, pro- 
duced with the decoctions of the bark different 
brown and yellowifh brown colours, but none 
of them more durable in this way, than thofe 
afforded by different folutions of zinc. 


The nitro-muriaté of Platina, mixed with a 
fuitable portion of decoétion of bark, and topi- 
cally applied either to linen or cotton, produces 
{trong full-bodied fnuff colours, which bear the 
action of acids and of the fun and air. 


The nitrate of filver, mixed with a decoétion 
of the bark, produces by topical application upon 
Jinen or cotton, ftrong dark brown and cinna- 
mon colours of confiderable durability. 


The nitraté of lead, with the colouring mat- 
ter of bark, produces in this way a ‘drab colour of 
equal durability. 


The nitrate of bifmuth, with a decoction of 
the bark, produces a very full and {trong brown- 
ifh yellow, which would prove lafting, were it 
not liable to become almoft black by alkaline 
fulphures, by fulphurated hydrogenous gas, and 
fometimes by the action even of common foap, 


The muriate of bifmuth produces a drab 
colour with the bark, and the fulphate of that 
Dd2 meta} 
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metal a yellow; but neither of thefe are lafting 
upon linen or cotton. 


The nitro-muriate of antimony produces with 
the bark, a kind of fnuff colour of fome dura- 
bility on linen and cotton; and different fhades 
of brown were produced in this way by the 
nitrate and the muriate of cobalt with the bark, 
which however foon faded by expofure to fun 
and air. 


In giving this account of theproperties and ufes 
of Quercitron bark, ] have had before me notes 
of feveral thoufands of experiments made there- 
with, in almoft all poffible ways, and with 
almoft all poffible chymical agents. But as a 
detail of their effe€ts would more than exhauft 
the patience of any reader, I fhall content my- 
felf with ftating as I have here done, the refults 
of thofe which feem moft likely to prove ufe- 
ful; and probably what I have already ftated 
is more than enough on this fubject.. I have 
however thought it incumbent on me to omit 
nothing in any degree likely to afford ufeful 
information refpecting a new dying drug, firft 
brought into ufe by my exertions, and which 
without them would probably have remained 
unknown as 2 dying drug for ages to come :— 
a drug which has already produced im- 
portant benefits, efpecially to the art of cal- 
lico-printing in Great Britain; and is likely 
hereafter to benefit other European nations, 
as well as the United States of America, 
in an eminent degree. The confumption has 
indeed hitherto been. fmall, compared to the 
probable future increafe; but it has been large 
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confidering the fhort time fince its properties 
were firft made known, and the immenfe diffG- 
culties which attend the introduction of all new 
dying drugs: it appearing by the act of the 13th 
and r4th of Charles II. ch. 2., that nearly one 
hundred years had elapfed before < the ingeni- 
“ ous induftry of modern times had taught the 
¢ dyers of England the art of fixing the colours 
«© made of logwood.” And though indigo, 
the moft valuable of all dying drugs, had been 
known in Afia for at leaft two thoufand years, 
the ufe of it was either prohibited or reftrained 
for a confiderable time in different European 
countries, from an erroneous belief that its 
colour was fugitive : fo difficult has it always been 
found to bring dying drugs into their duegfimation. 
But though the Quercitron bark has been em- 
ployed only for fo fhort atime, I flatter my felf 
that the account which I now offer of its pro- 
perties and ufes, will prove much more complete 
than any yet given of the properties and ufes of 
any other dying drug, even among thofe which 
have been known for many ages. 
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Of the Properties and Ujfes of JFuglans Alba, or 
American Hiccory ; of the Weld Plant, Fuftic, 
and other Vegetables, affording yellow adjefive 
Colouring Matters. 


‘* La couleur jaune eft celle que la nature a repandue 
“* partout avec la plus grande profufion,—elle peut etre 
** regardée de droit comme couleur primitive.”’ 

Annales de Chymic. tom. xvii. 


RTICLE 1ft. American hiccory :—Not 
only the bark but the green leaves and the 

rinds of the nuts of this tree, yield an adjective 
colouring matter fo very fimilar to that of the 
Quercitron bark, that all the inftru€tions which 
I have given refpecting the latter, will be found 
applicable to the hiccory ; $ allowing only for the 
difference between their refpective prope syelh of 
colouring matter; that of the hiccory bark be- 
ing about one-third lefs than what is contained 
in a like quantity of Quercitron bark. It is 
this difference, joined to the greater difficulty 


and expence of grinding the hiccory bark, on 
account of its oreat hardnefs and toughne fs, 


esGeb w4aslio 


which has enabled the Quercitron bark “almott 
wholly to fuperfede the ufe of the hiccory ; for, 
excepting the profubftantive topical yellows, for 
which it does not feem to anfwer quite fo well, 
there is perhaps no purpofe to which the colour- 
ing matter of the hiccory may not be applied 
with effects as good as thefe refulting from the 


Quer- 
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Quercitron bark ; and I have fometimes thought, 
that fome of the varieties of this tree might be 
preferable to the Quercitron bark, for imitating 
the greenifh lemon yellow of the weld plant on 
wool, with an aluminous bafis. I fay of fome of 
the varities, becaufe there certainly are confider- 
able differences between the fhades of yellow 
produced by the feveral varieties of the hiccory 
tree; that for inftance which Marfhall calls jug- 
lans alba acuminata, produces a clear lemon yel- 
low, whilft the juglans alba minima produces a 
fuller, though not a very bright, yellow; and 
the juglans alba odorata a yellow, which is very 


full and alfo very lively. 


Generally however the hiccory bark employed 
in the way of callico printing, or topical dying 
upon linen and cotton, produces colours very 
fimilar to thofe of the Quercitron bark, both 
upon the aluminous and ferruginous bafes, and 
with no greater degree of ftain or difcolouration 
upon the parts intended to be kept white. This 
alfo is one of the vegetable colouring matters, of 
which the ufe has been exclufively fecured to me 
for a term of years by an act of parliament. 


Art. 2, The weld plant (refeda luteola Lin.) 
grows wild, as well as by cultivation, in many 
parts of Europe ; the cultivated plants are how- 
ever {maller than the wild, and more abundant 
in colouring matter. There are fome varieties of 
this fpecies; two or three years fince a little 
parcel was put into my hands, which had been 
brought from Hlamburgh, and of which the 
{talks were not more than a fourth part fo high or 
fo large as thofe of the weld raifed in this king- 

Dd 4 dom. 
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dom. I did not however find much fuperiority 
in the quality of its colouring matter, though in 
quantity it yielded at leaft four times as much as 

an equal weight of either Englifh or French 
weld; and the price, as I underttood, was pro- 
portionably greater. This variety of the weld, 

according to my information, grows and is made 
ufe of in feveral parts of Germany. I have 
already noticed all the particulars of any import- 
ance in which the colouring matter of weld dif- 
fers from that of the Quercitron bark, and have 
therefore but little to add refpecting the ‘former ; 

both affording adjective colours of the fame 
fhades by the fame bafis or mordants, with 
only a few exceptions, of which the greateft part 


have been already mentioned in treating of the 
bark. 


Weld requires the growth of nearly two fum- 
mers before it comes to maturity; and the crop 
is befides liable to fail from fo many caufes, that 
it cannot be a defirable objeét of agriculture, ef- 
pecially in Great Britain. It moreover occupies 
nearly one hundred times more fpace than a 
quantity of bark, capable of yielding an equal 
portion of colouring matter, and ef dying an 
equal weight of cloth; a circumftance which 
compels the dyer and callico-printer to extract 
the colouring matter by previous boiling; fince 
if the weld were put into the dying veflel, as is 
done with the bark, there would be no room for 
any thing elfe. Italfo renders the tranfportation 
into Scotland and the northern counties of Eng~ 
land, (where it will not grow,) fo expenfive, 
that the callico-printers of Lancafhire, Carlifle, 
Glafgow, &c. could not have exercifed their art, 

either 
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either fo advantageoufly or fo extenfively as they 
have done for fome years paft, had not the 
Quercitron bark enabled them almoft wholly to 
lay afide the ufe of weld. 


That the colouring matter of weld may be 
more readily extracted; the woollen-dyers fre- 
quently add a little ftale urine, or lime and pot-afh 
to the water in which it is boiled: and in pre- 
paring wool or cloth, by impregnating it with 
the aluminous bafis, they commonly employ 
three or four ounces of alum and one of tartar, 
for each pound of the woollen cloth. Tartar 
is fuppofed to render the yellow colour a little 
more clear and lively. I have good reafon how- 
ever to believe, that it may, without inconve- 
nience, be wholly omitted in dying with weld, 
as well as with the bark, excepting only for thofe 
delicately bright and greenifh fhades, for which 
It is now ufual to employ a portion of the nitro- 
muriate of tin (dyers fpirits) along with alum in 
boiling or preparing the wool and cloth; and 
for which the ufe of tartar will prove highly be- 
neficial. 


{n topical dying or callico printing, very lit- 
tle lefs than the heat of boiling water will fuffice 
to fix the colouring matter of weld, and the parts 
wanted to be kept white, are then fo much 
{tained by it, and this ftain is fo difficult to re- 
move, that during the damp cloudy weather 
which generally prevails in winter, four or five 
weeks expofure on the grafs will hardly prove 
fuficient for that purpofe. This is a ferious 
inconvenience which does not attend the ufe of 
the bark, 
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Weld alfo produces another bad effect when 
employed for topical. dying upon linens or cot- 


tons, which bi ave previoufly received a courfe of 


madder colours; for in this cafe the wel id yellow 
by a ties a on ity applies and fixes itfelf 
upon thefe saoniggl fo copioufly as to change 


‘a 3 P" a . f ' 
their appearance, and tarnifh their luftre greatly; 


Le 


and this is another defect from which the bark 
is nearly, if not wholly, exempt. 


By the act of the thirteenth of his prefent 
Majefty, ch. 77, the fum of 2000]. was granted 
to Dr. Richard Williams as a reward for his in- 
vention of a faft green and yellow dye on cotton, 
yarn, and thread. This fuppofed faft dye was 
given with weld by the help of a mordant; the 

compofition of which (that foreigners might not 
enjoy the benefit of it) Dr. Williams was per- 
mitted to conceal, and to fupply the cotton and 
thread dyers therewith at a certain price. I have 
however reafon to believe, that it was either a 
folution of tin alone, or of tin and bifmuth, 
which enabled the weld yeliow, as it enables that 
of the bark, to bear the action of acids and of 
boiling foap- fuds, though unable to bear the 
aiion: of fun and air. This defect, however, 
was not really difcoverable by the method 
which Dr. Williams employed to obtain a fa- 
vourable teftimony from the dyers on this fub- 
ject. His method was that of weaving the 
dyed yarn into pocket h: andkerchiefs, and giving 
them to be worn in the pockets of thofe who 
were afterwards to atte eft. the eApane Of 

C 


dye; and as handkerchiefs inclofed in a pocket 
are not expofed to ao fun and air, <M Hoot & 
in queftion was not perceived until fome time 
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after the reward had been paid for a fuppofed 
invention of no value, and of which, I believe, 
no ufe is now made. 


Art. 3d. Rhus cotinus Lin. or venice fu- 
mach, improperly called young fuftic, isa fhrub 
growing principally in Italy, and the South of 
France; whence the root, as well as the ftem or 
trunk of the fhrub, deprived of the bark, are 
brought and employed (chipped) for dying a 
full, high yellow, approaching to the orange, 
upon wool or cloth prepared with the nitro- 
muriate of tin, or dyers fpirit. But the colour 
obtained by thefe means always proves extremely 
fugitive; and it is befides neither fo bright nor 
fo high as the yellow which may be more cheaply 
obtained from the Quercitron bark, and the 
muriate or nitro-muriate of tin, with alum, 
Four pounds of the rhus cotinus chipped, af- 
ford no more colour than one pound of the 
Quercitron bark. 


Art. 4th. Morus tinétoria Lin. or fuftic, 
called improperly O/d Fujftic by the Englifh, and 
Bois Jaune by the French, is a large tree grow- 
ing naturally in Jamaica, Porto Rico, Tobago, 
and almoft all the other Weit-India iflands; its 
wood is of the colour of fulphur, and has within 
little more than a century, been brought into 
general ufe as a dying drug, though the yellow 
colour which it affords with an aluminous bafis 
is neither high nor bright; it has however the 
advantage of being durable, and of nor being 
thrown down or made latent by acids fo much 
as the weld and Quercitron yellows; and for 
this reafon it is now very commonly employed 
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(chipped or ground) in dying Saxon greens 
upon cloth, with the fulphate of indigo, as 
mentioned at pages 337 and 338; the muddi- 
nefs of its yellow being of but little detriment 
to the full dark greens moft frequently dyed with 
it in this way. 


It is alfo very much employed for dying drab 
colours upon cloth, and efpecially on cotton- 
velvets, fuftians, &c. with an iron bafis, and 
olives with a mixture of this and of the alumt- 
nous bafis, as has been mentioned in the preced- 
ing chapter, where fo much is faid refpeCting 
the means and modes of employing the bark, 
which may be applied with equal advantage to the 
wood in queftion, that I fhall add but little 
more upon this fubjeét. Four pounds of this 
wood chipped, yield about as much colouring 
matter as one pound of the Quercitron bark; 
and allowing for this difference of quantity, it 
may be employed for generat dying with the 
feveral mordants or bafes propofed for the bark ; 
remembering always that the yellow colour 
which it affords, can never be made to acquire 
any thing like an equal degree of clearnefs 
and brightnefs with that of the bark or of the 
weld; and for this, with fome other reafons, it 
is not hkely to be ever employed in callice 
printing. 


IT am not yet able to afcertain whence the 
word fuftic was derived to our language. Venice 
fumach appears to have been long diftinguifhed 
in France by the name of Fu/ffet, and | fufpect 
that our dyers with the wood introduced the 
name, and changed it to Fuftic; fuch changes 

having 


PERMANENT COLOURS, &c. 413 


having frequently happened in other cafes, The 
morus tinétoria being afterwards brought from 
America, and alfo employed for dying yellow, 
and being deftitute of a name, appears to have 
likewife acquired that of fuftic; and a confufion 
having arifen by thus giving the fame name to 
two different fpecies of wood, a diftinétion was 
improperly created by calling that of the venice 
fumach, Young Fultic, (as being manifeftly the 
wood of a fmall fhrub,) and that of the morus 
tinctoria, (which is always imported in the form 
of large logs or blocks) O/d Fuftic. At what 
time thefe epithets were firft applied, to create 
this diftinction, I have not difcovered ; but they 
mu{t have been in general ufe, at leaft 130 
years ago; becaufe Sir Wilham Petty, in an 
account ‘* of the Common Practices of Dying,” 
which he gave to. the Royal Society when 
firftt inftituted, mentions. Venice fumach. un- 
der the name of ‘* Young Fuftic,” and the 
morus tinctoria under that of ** Old,” as be- 
ing their common and appropriated names, 
In this way, however, many perfons have been 
mifled fo far as to conclude that two very diftin@& 
dying drugs (the one a fmall Zuropean fhrub of 
the fumach kind, and the other a large American 
tree of the mulberry kind) were the fame, or 
differing from each other only in point of age. 
The French have indeed avoided this fource of 
error, by leaving the Venice fumach to bear ex- 
clufively the name of Fuffet, and giving that 
of Bois Jaune or yellow wood to the Morus 
Tinétoria ; and perhaps it might be well for us 
even now to call the latter yellow wood, or 
dyers mulberry, in order to avoid the error in 
gueftion, were it not that what is called young 


fuftic 
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fuftic is likely foon to fall into fuch abfolute dift 
ufe as to render any change unneceflary. The 
wood known in England by the name of green 
ebony, poffeffes a ‘fpecies of yellow colouring 
matter very fimilar to that of ‘the morus tinc- 
toria in dying, and 1s fometimes employed in its 
itead. 


Art. 5th. The common fumach of Spain, 
Portugal, and other pee of Europe (rhus 
coriaria Lin.) affords a yellow dye with the alu- 
minous bafis; but fo pale and of fo little bright- 
nefs, that it is very rarely employed for the 
purpofe of giving a yellow colour only ; it how- 
ever poffefies another fpecies of colouring mat- 
ter fimilar in moft refpects to that contained in 
galls, and therefore capable of dying black with 
iron and the folutions of that metal: this fpe- 


cies of colouring matter, and the application: 


thereof, upon wool and cotton, will be treated of 
in their proper place. The principal ufes of 
famach in callico printing have been already 
noticed in the preceding chapter. Ufed by irfelf 
in this way, it {tains the white parts very durably ; 
but ufed with the Quercitron bark it is thereby 
hindered from giving any ftain, and at the fame 
time it obviates that which the bark mighe 
otherwife communicate, 


Art. 6th. The unripe berries of the rhdm- 
nus infectorius of Linnaeus, are called French 
berries, and chiefly hie oi ved for preparing a 
lively but very fugitive yellow for topical appli- 
cation in callico printing. Cotton printed with 
the aluminous mordant, and dyed with thefe 
berries, inftead of weld or Quercitron bark; 

receives 
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receives a full bright yellow; but in this and 
every other way it fades fo fpeedily, that the ufe 
thereof is a grofs impofition, which the public 
ought not to tolerate, whilft there are other means 
of giving fuch durable yellows as will not 
deceive or dif ifappoint the wearers, There isa 
particular fpecies or variety of the rhamnus in- 
fectorius growing in Candia and other parts of 
the Levant, yielding berries larger than thofe 
brought fhott the fouth i France; they are 
diftinguifhed by the name of T lisleet sii dbis 
and preferred to the French, th ugh the colours 
ul] 


of both are equally fugitive. 


Art. 7th. Saw-wort, ferrat 
affords a good fubftitute for we 
the aluminous bafis, wi ich 
a bright lemon yellow of confide erable 
The common preparation v 
is to be emplo ved for 1 : : 
brighter colour be want l, ene prepa navel. may 
be given with nitro-muriate of t1 fey 
and half as much tartar. 


For giving a very inferior yellow upon coa 
woollens, the dyers broom (genifta tinctoria 
Eim:): is AROS employed, with the common 
preparation of alum and tartar. 


All the five fpecies of erica or heath growing 
on this ifland, are, I believe, capable of afford- 
ing yellows much like thofe obtained from the 
dyers broom—their colours may ‘indeed be 
raifed and bri ohtened by the folutions of tin, 
but when this has been done, I have always feen 
them prove fugitive. This I have alfo found 


to 
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to be the cafe of the yellow dyed with the bark 
and fhoots of the Lombardy poplar, populus 
pyramidalis, recommended by Monf. d’Am- 
bourney. He ftates the expence of mateérials 
for preparing and dying fixty pounds of wool 
with the young fhoots of Lombardy poplar, 
and the tin bafis, to be eighteen livres, which 
is more than double what it would coft to pro- 
duce a much better colour with the Quercitron 
bark, as I have already mentioned in the pro- 
per place. 


According to Scheffer and Bergman, the 
leaves of the fweet willow, (falix pentandria,) 
gathered about the end of Auguft or beginning 
of September, and dried in the fhade, afford, 
if boiled with about 1-3oth of pot-afh, a fine 
yellow colour to wool, filk, and thread, im- 
pregnated with the aluminous bafis. I have, 
however, made no trial with them as yet. 


Art. 8th. The American golden rod, foli- 
dago canadenfis Lin. affords very beautiful yel- 
lows to wool, filk, and cotton upon the alumin- 
ous bafis. Hlellot feems to have been the firft 
who attempted, though without fuecefs, to in- 
troduce this plant into general ufe as a yellow 
dying drug; and Meflrs. Gaad and Succow 
have fince made the like attempts with no bet- 
ter fuccefs; though I can affirm from the re- 
fults of many, trials, that it would prove a very 
advantageous fubftitute for the weld in callico 
printing; the colour which it affords in this 
way, to parts printed with the aluminous mor- 
dant, proves highly beautiful, and the ftain or 
difcolouration produced upon the unprinted parts, 

13 
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is much lefs confiderable and much more eafily 
Sa than that of weld. The plant 
(golden rod) is alfo more rich in colour, and 
capable of being raifed with great eafe. It 
grows naturally in abundance, almoft every 
where; between Carolina and Hudfon’s Bay, 


Kalm fays, that the three-leaved Hellebore, 
(helleborus trifolius; ) called Tiffavoyanne jaune 
by the French in Canada, is there ufed by the 
Indians in giving a fine yellow colour to feveral 
kinds of work, which they make of prepared 
fkins; and that the Fretich having learned this 
from them, dye wool and other things yellow 
with this plant. Befides thefe there are many 
other vegetables capable of affording adjective 
yellow colours, both with the aluminous bafis 
and that of tin, particularly the feeds of purple 
trefoil, lucerne, and fenugreek, the flowers of 
French marygold, the chamomile, (anthemis 
tinctoria,) the afh, (fraxihus excelfor,) the fu- 
mitory;, (furnaria officinalis,) with feveral others 
which need not be named, as not being likely 
ever tocomeinto ufe: There is indeed fo much 
difficulty in always producing the exact fhades of 
colour which dyers are required to imitate, that 
the ufe of various materials for obtaining fimilar 
effects muft prove highly inconvenient. A few 
drugs occupying but little fpace, rich in colour- 
ing matters, and capable of being always ob- 
tained as well as extenfively applied, by fadden- 
ing and otherwife varying their refpective colours; 
are what the dyers moft need: by being con- 
itantly occupied with a few fuch drugs, they ac- 
quire that degree of dexterity and certainty in 

.e nfing 


418 PHILOSOPHY OF, &c 


Are 


ufing them, which alone can prevent difap- 
pointment in the nice operations of this art,— 
Such a drug is the Quercitron bark. 


Having thus noticed, as far as feemed expe- 
dient, the different adjective yellows, I fhall in my 
next volume proceed firft to the reds, and after~ 
wards to the other remaining adjective colours. 


AP Rees De eo Xx. 


At I have mentioned refpecting indigo 
\ in the former part of this volume, was 
printed in the beginning of the year 1792. I 
did not at that time know of an account, which 
Dr. Roxburgh had then very lately addreffed to 
the Court of Directors of the Eaft-India Com- 
pany, of a new fpecies of nerium, (rofe bay,) 
and of a procefs for manufacturing indigo from 
its leaves, which has fince been publifhed in 
Mr. Dalrymple’s Oriental Repertory. 


Subfequent to the time when that account was 
written, fo many facts, the refult of numerous 
experiments and much inquiry, came to the 
knowledge of Dr. Roxburgh refpeéting the 
tree, the procefs for preparing the indigo, its 
quality, &c. that he thought a more complete 
defcription thereof to be neceffary, efpecially 
as the incomparable beauty and fuperior excel- 
lence of the indigo fo obtained, appeared to ren- 
der it an object highly interefting; and as there 
were already fome plantations of the nerium 
in great forwardnefs in Bengal, raifed from feeds 
which he had fent thither in the years 1790 and 
1791, from the Rajamundry Circar. Such a 
defcription was accordingly prepared by Dr. 

Ee 2 Roxburgh, 
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Roxburgh, with the addition of ‘* a fecond part, 
“¢ containing a brief account of the refult of 
various experiments made with a view to 
throw fome light on the theory of that beau- 
tiful produétion (indigo); with an appendix 
containing a botanical defcription, &c. of a 
‘¢ fecond new indigo plant; the whole illuftrated 
with neceffary drawings, and addreffed to the 
Hon. Sir Charles Oakly, Governor and Pre- 
fident in Council, &c. at Fort St. George, 
to be tranfmitted to the Honourable Court of 
* Diretors of the United Eaft India Company, 
and committed to their protection, with a 
view to encourage a more extenfive cultiva- 
tion of thofe plants which yield the beft 
indigo, and to improve the manufacture 
thereof.” 


The papers containing thefe defcriptions and 


accounts having been put into my hands at the 
India Houfe, and reafon having been given 
me to believe that, by publifhing their contents, 
1 might promote the views as well of the author 
as of the Court of Directors, I have made, 
and fhall here fubjoin an abftracét of the more 
interefting parts thereof. 


Dr. Roxburgh obferves, that St. Helena and 
the Weft-India IMands, contain a great abund- 
ance of foi) juft fuited to the nerium tinétorium, 
g. e. hills and the lower regions of mountains 
where little elfe is found than rocks, ftones, and 
barren wafte lands, fuch being the foil and 
fituation in which he has always found it growing 
in India. ‘ One of ‘the circumftances, fays 
Dr. Roxburgh, that have lately come to my 

knowledge 
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knowledge refpecting this tree is, that the na- 
tives of the Vizagapatam and Ganjam diftrias, 
and of fome parts of the Carnatic, are acquainted 
with the property of its leaves: Dr. Patrick 
Ruffel writes me from England, that amongft 
the papers of a moft worthy fenfible man, an 
old college companion of my own, the late 
Mr. George Campbell, (who was Surgeon on 
this eftablifhment, and died of wounds he re- 
ceived in the action between Col. Bailey and 
Hyder Ally in 1780,) there was found an ac- 
count of the tree, and of the fact that the na- 
tives made indigo from its leaves, which was 
wholly unknown to me when I firft wrote on the 
fubject.” 


Dr. Roxburgh deferibes the nerium tinéto- 
rium, or tfhit ancalloo of the Hindoos, as a 
tree of the middle fize, agreeing perfectly in its 


botanical characters with the nerium of the 
Linnzan Sexual fyftem, and from the quality 
of its leaves, fays he, ‘I have called it nerium 
tinctorium, dyers rofe bay; for to me it feems 
a new {pecies, approaching neareft to the nerium 
antidyfentericum, which yields the coneffi 
bark of our materia medica: they are both 
natives of the lower regions of thofe mountains 
which bound the Rajamundry Circar on the 
north-fide, and are fo much alike, the neéta- 
rium excepted, that without a tolerable know- 
ledge of both, the one may be miftaken for the 
other. The trunk of the nerium tinétorium is 
irregular in fhape, being when old from one 
and a half to two feet in diameter, and from 
eleven to fifteen feet up to the branches. The 
bark when old is fcabrous, but when young, 
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fmooth, and afh-coloured. The wood is re- 
markably white and clofe grained; in appear- 
ance refembling ivory; the leaves when full 
grown are from fix to ten inches long, and from 
three to four broad; they are numerous, oppo- 
fite, fhort petioled, oval, pointed, pretty fmooth, 
and of an intire pale green. The nectary which 
is wanting in the nerlum antidyfentericum, has 
many ramous white filaments crowning the 
mouth of the tube of the corol. 


This tree alfo grows plentifully throughout the 
Carnatic, and in every part of the *Circars, 
where there are hills or mountains, being an ex- 
tent of above 1000 miles in length. It contains 
a milky juice, chiefly in the tender branches and 
young leaves, which flows out on their being 
wounded. Near inhabited places, it is fo often 
cut for fire-wood, that in fuch fituations it ts 
always found in the ftate of a very fmall tree or 
a large bufh. To make it yield a large fupply 
of the beft leaves for producing indigo, it fhould 
be kept low, as is done with the mulberry 
plantations for feeding filk-worms, and, like 
them, the more it is cut down, the more will 
it increafe; as many fhoots iffue from the old 
ftumps, which in the fpace of one year grow 
to various heights from one to ten feet, accord- 
ing to the nature of the foil and feafon. The 
tree cafts its leaves about the beginning of, or 
during the cold feafon. In March and the be- 
ginning of April, the young leaves firft make 
their appearance, together wich the flowers; by 
the end of Apr.l thofe which firft unfolded, will 
have attained their full fize; and this I have 
found to be the proper time for beginning to 
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eather the leaves for the making of Indigo; 
about this time alfo it ceafes flowering, and many 
of the feed veffels are perfeétly formed, though 
the feeds are not ripe until January or February. 
The leaves of this tree differ moft effentially 
from thofe of the common indigo plant in not 
yielding their colour to co/d water: I have tried 
every method which I could think of, and with 
various kinds of water, yet could never with 
cold water procure more than a very {mall pro- 
portion of a hard, black, flinty fubftance, which 
did not deferve the name of indigo; it burns 
very difficultly, with a white fmoke, leaving 
dark coloured afhes; whereas that which is 
made with hot water burns moft readily with a 
moft beautifully deep violet-coloured fmoke, 
and a {trong peculiar fmell, leaving fine white 
afhes ; but by hot water the colour is readily ex- 
tracted; for this operation however, works, 
very different from thofe by which common in- 
digo is made, are requifite. 


The moft effential part of the operation con- 
fits in applying a fuficiency of heat at the leaft, 
expence; for in general I have found that the 
price of fuel was nearly equal to every other 
charge. By the fcalding procefs I have always, 
on a {mall fcale, made from the common indigo 
plant, better indigo than I could by fermenta- 
tion, and in one-fourth of the time; and what 
is alfo of great importance, without the fmalleft 
degree of the pernicious effluvia which attend 
the manufacture of indigo by fermentation; 
and moreover the twigs and leaves themfelves 
of the indigo plant burn fiercely, after having been 
well dried, and will carry on the operation 

ne 4 without 
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without requiring any great addition of other 
fuel. But the works for the nerium have not 
this advantage, as the Jeaves only are {calded. 
In my firft “experiments in 1789, I ufed the 
common earthen pots of the country to fcald the 
leaves, but for many obvious reafons large cop- 
per veficls are preferable; they may eafily be 
made of any fize, of fheathing copper rivetted 
together and foldered. I conceive that ten or 
twelve feet from the fore part, where the fcup- 
per 1s fixed, to the back part, are as much as 
one fire can aét upon; and that five or fix feet 
the other way are fufficient: the depth eat 
not to be more than two feet, for fear of fcal 
ing the leaves near the bottom before thofe near 
the top are done fufficiently. The agitation-vat 
may be built of brick or lime, as is ufual for 
making the common fermented indigo ; but it 
fhould never be more than three feet in depth. 
In the fequel, it will appear that the blue co- 
lour of indigo is derived from the air; it is 
therefore neceflary to make the agitation-vat or 
ciftern very broad, and always fhallow, eighteen 
or twenty inches of liquor in depth being as 
much as ever fhould be allowed; the other 
eighteen or fixteen inches above the liquor may 
be called the border, and will not require to be 
very ftrong, its ufe being only to prevent the 
liquor from {plafhing over during the agitation. 
At the edge of this agitation-vat may ‘be built 
a {mall ciftern, to make and contain lime water ; 
and it fhou!d be fo built as to exclude the air, 
if poffible, this having a bad effe& on lime. 


Tt is proper that the furface of the liquor be 
gently agitated by the wind, while the facula is 


preci- 
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precipitating, as it will prevent the formation of 
the violet or copper-coloured fcum, which fhould 
not be allowed to fubfift ; becaufe it hinders in 
a great meafure that free abforption of the 
colouring principle, which is derived from the 
air of the atmofphere, (probably affifted by the 
contact of light,) and not from the plant itfelf; 
it being only the dafe of the commodity which 
the leaves yield. ‘The place however fhould be 
free from duft. Another fmall ciftern or re- 
ceptacle for drawing off and receiving the fecula 
(blue precipitate) is very convenient; in this it 
will fettle at the bottom; and even then much 
of the mother liquor may ftill be drawn off by 
{cuppers, which will render the draining, while 
in the bags, much lefs tedious. The bottom 
ought to flope towards the centre, where a {mall 
xcavation fhould be made for taking up the re- 
idaining feecula, and for allowing fand and other 
heavy impurities to fettle therein. Over this 
{mall ciftern the draining bags may be hung, until 
the liquor runs clear from them. ; 


Fn the month of April the leaves begin to be 
fit for making indigo; and in May and June I 
have found them yield a better colour than in 
any other month. About the end of Augutt 
the plant ceafes to grow for the feafon, and *the 
leaves acquire a yellowifh rufty colour, and fall 
off gradually, without being fucceeded by others 
generally until the next feafon: fo that indigo 

can be made only during four or five months 
in ayear with the plants which grow /poi ntaneoufy 
in this part of India. The leaves of the plants 
raifed trom feed in my garden, did not yield 
colour till they were upwards of two years old ; 


and 
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and then in a {mall proportion only, and of aa 
jnferior quality, compared to that of the o/@ 
plants growing wild. If the leaves be picked 
and the beft only taken, the indigo will be more 
beautiful than when they are taken promifcuoufly 
together with the extremities of the fhoots, 
which will be too young, while leaves on the 
lowermoft branches will be too old. I never 
could extract any thing like indigo from the 
tender fhoots of this plant, when deprived of 
their leaves, though the twigs of the common 
indigo plants, without leaves, afford indigo 
readily ; but of an inferior quality to that which 
the leaves of this plant alone afford. The 
leaves of the nerium give indigo not only when 
freth gathered, but even when wilted and al- 
moft dried; they yield, however, the beft indigo 
in a middle ftate, after being kept a day or two: 
when they are confiderably wilted, the indigo is 
of a worfe quality; and when dried, they afford 
only a dirty brown colour; though the leaves 
of the common indigo plant bear drying and 
keeping without any detriment to the indigo 
which they produce; and it is the practice in 
many parts of India to dry them before the 
indigo is extracted: in this refpect, and in that 
of not yielding their colour, by cold infufion, 
the nerium leaves differ effentially from thofe of. 
the indigofera. The nerium leaves collected 
the preceding day, are put ina copper, fo as 
nearly to fill it without prefling, and the copper 
is then filled with water till within two or three 
inches of the top, this fpace being neceffary on 
account of the expanfion produced by heat. 
Hard fpring-water is to be preferred, as con- 
tributing to increafe the quantity of indigo, as 

well 
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well as to improve its quality. The fire is then 
lighted and kept brifkly up till the liquor ac- 
quires a deep green colour, when viewed in the 
veffel; though if taken out and poured from 
one veffel into another, the ftream will appear 
of a pale bright greenifh yellow: the leaves will 
then begin to be of a yellowifh colour, and the 
heat of the liquor about 150 or 160 degrees of 
Farenheit’s thermometer ; little dependance can 
be placed on the violet or copper coloured feum, 
as the leaves muft be conftantly moved about, 
and turned up and down, that they may be 
equally fcalded. This agitation alfo tends to 
expel the fixed air, (carbonic acid gaz,) by the 
expulfion of which the operation is much for- 
warded. The fire muft be withdrawn a little 
before the liquor affords thefe appearances ; and 
all the different coppers, whofe liquor is to be let 
into the fame agitation-vat, fhould be ready or 
in equal forwardnefs at the fame time, that the 
liquor may be drawn off at once. In doing this 
ic fhould be pafied through a hair cloth, to fepa- 
rate every part of the leaves from it: as foon 
as the whole is run off, it is to be agitated, 
while hot, in the common way for a few mi- 
nutes, (fay from five to twenty,) which will 
generally produce a fufficient granulation, About 
one 75th part of ftrong pure lime-water is then 
to be iet in (the liquor being ftill hot) from the 
lime-water ciftern, which requires only to be 
fufficiently mixed with the liquor to produce 
fpeedily a very large grain, which foon precipi- 
tates ; the fupernatant liquor is next to be let off, 
and the reft of the procels continued exaétly as 
in making the common fermented indigo. 


If 
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have I ever once obferved a leaf eaten by any 
infect or other animal, except by goats and buf- 
faloes, who only eat it from neceflity. 


In the fecond part of Dr. Roxburgh’s com- 
munication, he gives a brief account “of the re- 
fults of various experiments made for the pur- 
pofe of “throwing fome additional light on the 
«< theory of this artificial production (indigo) ;’ 
and he profeffes to have confined himfelf to 
fuch experiments as cannot be well made in 
Europe; none of the indigo plants employed by 
him growing fpontaneoufly there. It will be 
perceived, that Dr. Roxburgh, in defcribing and 
reafoning upon his experiments, adheres to the 
language and principles of that fyftem of chemiftry 
which is now almoft exploded by the later difcover- 
ies and doétrines of Lavoifier, Cavendifh, Berthol- 
let, Sec. ; and in this refpect I have not thought 
it proper to make any alteration; efpecially as 
thofe who are acquainted with the new fyftem 
will find no difficulty in underftanding and ex- 
plaining the feveral phenomena, according to it’s 
principles and terms. It will alfo be perceived 
that 1 have generally adhered to the doétor’s 
practice of defcribing and reafoning on his ex- 
periments in the firft perfon fingular ; but it muft 
not see thence be  teppoled that I have always 
copied his own words; for befides the omiffion 
of parts which appeared to me of lefs importance, 
I have frequently changed his modes of ex- 
preffion for the fake of perfpicuity and brevity. 


« J have feen,” fays Dr. Roxburgh, ‘a fhort 

« paper by Mr. Robert Blake of Calcucta, who 
<¢ appears to think that the colouring principle of 
«¢ indigo 1s held in folution by the aerial acid ; 
“* an 
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«© an opinion which accords with my experiments:”’ 
He(Mr.Blake) was induced to make fome, which 
led to this conclufion by the opinion of Mr. Taylor 
of Manchefter, namely, that in the produétion of 
indigo, fixed air was abforbed from the atmof- 
phere during the agitation. Mr. Taylor, in his 
Report to “the Tidedi of the Committee of 
Privy Council for Trade, &c. obferves, that 
‘ the ufe of the violent agitation in the fecond 
<¢ procefs has never been “clearly afcertained in 
*¢ any account he has feen refpedcting indigo.” 
*¢ Its theory (days he) certainly depends on 1 the 
‘© great attraction which indigo in that ftate of 
« folution has for jixed air ; by agitation a 
‘* expofure to the atmofphere, it abforbs i 
‘* from common air, and unites with it, and is 
«« thereby precipitated. The fuccefs therefore 
«© of this part of the bufinefs may be increafed 
«© by fuch improvements in mechanics, as will 
«« expofe the liquor with the largeft pofible fur- 
‘* face to the at “Hurigie (that t the affinity may 
* fooner take place,) and by procuring a great 
‘© circulation of common air in and about the 
« refervoir.” So far Mr. Taylor agrees with 
me, that we both recommend the expofure of a 
large furface of the coloured liquor to the atmof- 
phere, and a free circulation of air, which in- 
deed is the main object in view, 


When the common indigo plant is committed 
to cold water in the fteeping vat, the following 
appearances take place: in a few hours, more 
or lefs according to circumftances, a flight mo- 
tion begins to thew itfelf through the vat or body 
of liquor; the bulk increafes confiderably with 
fome additional heat; air bubbles are generated, 


fome 
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fome of which remain’ on the furface, and 
gradually colleé&t into patches of froth; a thin 
violet, or copper coloured pellicle or cream 
makes its appearance between the patches of 
froth, and foon after, the thin film which forms 
the covering of the bubbles compofing the 
froth, begins | to be deeply tinged witha fine blue: 
The liquor from the beginning will have been 
acquiring a green colour, and now it will appear, 
when viewed falling from one veffel into ano- 
ther, of a bright yellowifh green, and wili 
readily pafs the ‘clofett filter, until the aétion of 
the air makes it turbid, a proof that the (bafe 
of the) colour 1s now perfeétly diffolved in the 
watry menftruum. This is the time for letting 
off the vat; if fuffered to remain, the bulk be- 
gins to diminifh, and will return to its original 
dimenfions; the fermentation however conti- 
nues; there is. {till much inteftine motion 
‘through the vat; large quantities of froth are 
formed ; hitherto the peculiar fmell of the 
plant will have prevailed, but now it becomes 
very offenfive, fomewhat refembling animal 
matter beginning to: putrefy ; as the fermenta- 
tion goes on, the {mell becomes more and more 
offenfive, and the quantity of air difcharged is 
Jefs and. lefs, till an abforption takes place.” 
When in the early part of the procefs ] held a 
glafs tube to the mouth of a fixty gallon cafk, 
which ferved. as a fermenting or fteeping vat, 
that | might colleét the airs, if any had been 
difcharged, I found the wet bladder which had 
been tied over. the upper end of the tubé 
‘ ftrongly prefied in by the external air, a fure 
proof that the vat in this ftate abforbed air 3 
but as foon as the bulk of the mafs begins to 
be &. 
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be enlarged, a difengagement of airs takes 
place, and thefe are the fixed, pure, and impure: 
about the time when the bulk of the vat or li- 
quor has attained its greateft increafe, the fixed 
air is difcharged in greater purity and in larger 
quantity than at any more early period; and it 
even continues to predominate until the gth 
day, which I call the laft ftage. When the fer- 
mentation had advanced beyond the ftage at 
which the vat ought to be drawn off, I found 
that a little agitation was neceflary to promote a 
difcharge of airs fufficient to fill a bladder.” 
I could deteé& no volatile alkali in any part of 
the procefs: ‘* During the agitating procefs, 
fixed air continues to be difcharged, and in im- 
menfe quantities, mixed with pure and impure 
airs; but ftill nothing like volatile alkali ap- 
pears.” As foon as the grain fhews itfelf dif- 
tinétly, the precipitant (alkaline or calcareous) 
is to be added; from that inftant, an abforp- 
tion of air takes place, and after the liquor has 
fettled a little, a candle will burn freely clofe to 
its furface, as long as it would have done in the 
fame quantity of atmofpheric air; though, be- 
fore, it had been conftantly extinguifhed at the mo- 
ment of its entering the mouth of the veffel. 
With nerium leaves the fermentation never be- 
came fo perfeé& as with the common indigo 
plant ; yet the airs difcharged from it were the 
fame, though lefs in quantity. ‘* By fcalding 
either the common indigo plant (ze. young 
twigs and leaves) or the leaves (only) of nerium 
in bottles containing four gallons, nearly the 
fame effects were produced, v7z. firft, an ab- 
forption of air, then an increafe in the bulk of 
the mafs, with a difcharge of pure air at firft, 

and 
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and afterwards of pure air mixed with fixed air, 
though in a proportion fmaller than in the fer- 
menting mixtures; here alfo during the agite- 
tion immenfe quantities of fixed air are difcharged 
till the grain is formed and the precipitant added, 
when, ds in the other cafe, an abforption takes 
place. Here ‘alfo a lighted candle burnt freely 
near the furface of the liquor, after the precipi- 
tant was added, and once I obferved diftinétly 
fome explofions of inflammable air. But the liquor 
being agitated, and a candle immediately: after 
let down into the veffel (bottle), it was inftantly 
extinguifhed upon entering its- mouth.” 


I took fome of the green coloured liquor, be- 
fore it had fufferéd any agitation, and with it 
filled the globe of Dr. Nooth’s apparatus for 
impregnating water with fixed air, into which 
(liquor) I continued throwing that fluid (fixed 
air) from a mixture of powdered lime-ftone, and 
diluted vitriolic acid for fome hours,. but no 
change took place. After ftanding till next 
morning, a very few grains of a greenifh precipi- 
tate were found in the bottom of the vefiel, 
which I impute to the communication which 
the liquor had had with the open air before it was 
put into the globe; for when the leaves had 
been fcalded in bottles of water, inverted in a 
large vefiel of water, or in the globe itfelf, and 
committed to the fame trial, no grain was found; 
the liquor continuing uniformly of a pale yel- 
Jowifh green, which is the colour it always, in 
my experiments, acquired when {fcalded in the 
above manner. I kept fome full bottles of it 
inverted in water for a rue and no change 
took place; nor does the liquor in thefe circum- 

ftances 
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ftances ever acquire the copper-coloured film on 
the furface, but as foon as the air is admitted to 
it, greenifh blue veins are obferved to defcend 
from the furface, in various directions, until the 
whole becomes blue. This phcenomenon is 
conftant, but the colour is more or lefs deep 
according to circumftances: foon after a preci- 
pitation of blue grains takes place, and the cop- 
per-coloured pellicle appears on the furface ; but 
no change appears in the colour of the liquor, 
nor is any grain formed while the external air 
is perfe€tly excluded; neither do the leaves ac- 
quire that offenfive fmell which they do when 
expofed to the action of the air. ‘I may there- 
“<< fore, I think, fafely conclude, that fixed air is 
<< not the agent by which this colouring matter is 
“© feparated from its menfiruum, but rather that 
<¢ by which it is extricated and kept in folution.” 


Nitrous air from iron filings, and diluted 
nitrous acid, was alfo, by means of Dr. Nooth’s 
apparatus, thrown into the coloured unagitated 
liquor for fome hours, without producing any 
change, except that here the violet-coloured film 
took place; this liquor was afterwards expofed 
to the open air, and the ufual changes then 
occurred. 


Inflammable air from iron filings, and di- 
luted vitriolic acid, deepened the colour of this 
liquor much, and it was quickly covered with a 
deep violet-coloured. fcum ; but no decompofi- 
tion took place till the air had accefs to thé 
liquor, when it quickly became of a deep green- 
ifo blue, and let fall a confiderable propertion of 
precipitate, which, on drying, proved to be moft 

if 2 beautiful 
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beautiful indigo. Inflammable air from dry 
fheep’s blood burat i in a gun barrel, as recom- 
mended by Dr. Prieftley, had not the fame ef. 
fect as that from iron filings and vitriolic acid, 


the change of colour being much lefs con- 
fiderable. 


Alkaline air, from a heated mixture of three- 
fourths of quick lime and one-fourth of fal am- 
moniac, deepened the colour of the liquor fully 
as much as the firft mentioned fort of inflamma-~ 
ble air; it gave a deep violet feum and good 
indigo after expofure to the open air, but nothing 
like a feparation took place before. 


I put into bottles portions of the leaves of 
the nerium, and of the common indigo plant, 
to which I added rain water, impregnated with 
a large portion of what I have always found the 
moit powerful precipitants, viz. lime water, 
cauftic ley, ftale urine, Pruffian lixivium, and 
phlogifticated calcareous lixivium, (of which 
more hereafter ;) the bottles were inverted in a 
veffe] of water, and fcalded to the ufual degree; 
the effet was, that they all became only of a 
much deeper colour than when no precipitant 
was ufea; but nothing like a feparation of the 
colour took place till expofed to the aétion of 
the air. I alfo fealded the leaves in an open 
veflel, and as expeditioufly as poffible, fo as to 
allow the air but very little time to aét on the 
higuor, and putting this into bottles with por- 
tions. of the fame precipitants, the bottles were 
immediately inverted in a veffel of water; and 
having food fixteen hours, a little green or 
-olive-coloured feecula (precipitate), was found 1 d 

eac 
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each, which I conclude muft have arifen from 
fome little aétion which the air had on the 
liquor while fcalding and pouring into the bottles. 
This precipitate, when feparated and expofed 
to the air, became indigo of rather a bad quality ; 
and :the liquor from whence it had feparated, 
being afterwards expofed to the air, became blue 
from the furface as ufual, and foon gave a blue 
precipitate of tolerably good indigo. Thefe ex- 
periments clearly prove, that the moft powerful 
precipitants added to thefe liquors, ‘cauie no de- 
compofition without the help of the open air: and 
further, that if the air has had accefs to this 
liquor, only while {calding, a very {mall quantity 
of green or olive-coloured precipitate may be 
produced, but that this does not acquire a blue 
colour without the free conta& of the air; they 
alfo prove that the colouring principle of Pruf- 
fian blue does not aét on “this coloured liquor 
any farther than the alkali which it’ contains 
would have done by itfelf; it is therefore to be 
prefumed, that both the bafe and the colouring 
principle of indigo are totally different from 
shofe of Pruffian blue. 


The coloured liquor, impregnated with the 
firft principles of indigo, either by fermentation 
or by a fcalding heat, if it be only expofed to the 
open air, and efpecially with a large furface, will 
in a fhort time {pontaneoufly begin to part with 
qt colour, which will fall to the bottom in 
minute grains of fine blue indigo. Agitation will 
much hatten the feparation and precipitation, and 
caufe the produce to be greater; heat will have 
nearly the fame effect, though i in lefs adegree, ex- 
cept when it is joined with agitation, in which cafe 
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When a green or olive fupernatant liquor fol- 
lows the ufe of lime-water or cauftic-ley, (which 
is but too common in making indigo by fer- 
mentation, to the great lofs of the manufacturer, ) 
I conceive it to be owing to the prefence of 
fixed air, ftill adhering to, and keeping diffolved 
a portion of the bafe; this fluid not having been 
fufficiently extricated by the fermentation or 
fcalding ; or by the extent of furface, agitation 
and action of the agent employed *, 


From this dark green or olive fupernatant 
liquor, a farther precipitation may be obtained 
by the fame means which produced the firft, 
and it will be found when dried of as dark or 
darker a colour, but confiderably duller. 


In the northern parts of the coaft of Coro- 
mandel, the natives ufe a cold infufion of the 
bark of jambolifera pedunculata of Linnzus, 
(jambolong tree,) which isa very powerful aftrin- 
gent, to precipitate their indigo, which they 
always extract from the leaves by hot water; 
they have no idea that indigo can be made with 
cold; nor is it neceffary to teach them on 
this point, what they make being of avery good 
quality. I have tried many other vegetable 
aftringents, but without any good effect; the 
principles on which this one acts, I cannot de- 
termine. 


* This opinion of Dr. Roxburgh’s does not feem well 
founded ; there is much more reafon to conclude, that from 
fome caufe or other, the vegetable bafis of the indigo in 
this cafe, has not attraéted and united to itfelf a fufficient 
portion of oxygene, on which its blue colour moft certainly 
depends. 


The 
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The mild vegetable, mineral, and volatile 
alkalis act alfo as. precipicants*, but lefs ad- 
vantageoufly than thofe already mentioned, 
Mineral acids added to the coloured liquor in 
fmall proportions, either before or after the 
ine do not binitiie the recipitation, though 
I cannot fay they forward it +. 


The folutions of iron, lead, tin, mercury, 
and copper, either injure or entirely deftroy the 
colour {. 


I have tried many other fubftances and mi 
tures, as well for the purpofe of Rene h 
the colouring matter as of wafhing it when pre- 
cipitated, but without finding any fo ufeful as 


* If it were true, as Dr. Roxburgh fuppofes, that the 
precipitants of indigo aét only by abforbing or feparating 
the fixed airs which he conceives to be fill remaining in 
the liquor united to the unprecipitated particles of indig 
it would be difficult to conceive how the mild alkalis, Chianael 
as they are by fixed air or .carbonic acid, fhould occafion 
any, even the {malleft degree of, precipitation. 

+ One of the mineral acids poffefies the power of diffoly- 
ing indigo without changing its colour; another totally 
deitroys the colour; and the third < 2ppears to have no a@ion 
whatever, either on the colour or the texture of this fubftance. 
If therefore fuch very diffimilar agents agree in not ating 
fo as to hinder the precipitation of indigo, it muft be onl 
becaufe they are employed in proportions too {mall to Ane 
of their having any perceptible action; and in this way any 
thing may be rendesed inactive. 

t The fats ftated in chapter fifth of this volume Prove, 
that feveral of thefe metals act very powerfully, and in very 
oppofite ways, either in promoting the folution of indigo, 
or in rendering it abfolutely infoluble : it therefore feems 
inaccurate at leaft to apply the fame obfervation to fub- 
ftances of fuch diffimilar a¢ tion, and capable of being fill 
farther varied by the various folvents here left unde- 
termined. 
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tops and igi of she common indigo plant 
are {calded, rather more than is neceflary for 
extracting the colour from nerium leaves: they 
pay little attention to the nature of water, pro- 
vided it be clear: their agitation- -vat 1s nonnTe 
but a large jar; and the reft of the procefé is fo 
carelefsly conduéted, that the excellence of their 
indigo feems only to refult from and be a 
proof of the fuperiority of the fealding over the 
fermenting procefs. 


In many parts of the Carnatic, they alfo ex- 
ract the colour by hot water, but debafe the 
indigo by adding a mixture of red earth and 
water, which they employ as a precipitant. 


Befides the fuperior guality of the indigo ob- 
tained by the fealding procefs, the quantity is 
generally increafed by it; for in this way the 
whole of the colour is always extracted at firft, 
if the {calding has been continued long enough; 
which is not the cafe by fermentation, as the 
leaves will yield indigo upon being fermented a 
fecond time. (See the Tranflation of M. de 
Coffigny’s Treatife on Indigo.) Moreover the 
healch of the labourer in this way 1s not endan- 

gered, as in the fermenting procefs, by conftant 

and copious ex it of putrid miafma: the 
heat employed expels moft of the fixed 
during the fca 14jaes which renders a very fmall 
degree of agitation, and very little of the pre- 
cipitant neceflary. The operation can alfo be 
performed two or three times a-day upon a large 
icale; and laftly, the indigo itfelf dries quickly 
without acquiring any bad fmel], or putrid un- 
wholefome tendency. 


air 
wean 


According 


APPENDIX. 445 


According to M. de Coffigny, the Javanefe 
firft ferment the indigo plant, then boil the co- 
loured liquor a little “before it is agitated, and 
do not feem to ufe any other agent to affitt the 
granulation and precipitation. The indigo it~ 
felf he defcribes as bei ing very fine, and much 

efteemed in Europe, which I attribute to the 
boiling, or as | fhould magine {calding of the 
liquor. 


To the fecond part, Dr. Roxburgh fubjoins 
an Appendix, containing a sbaraniegs  defcription 
and drawing Mae a fecond zew indigo { plant ; a 
{pecies of indigofera, which, tags he, I anes 
to be a new one; ad said on account of the 
property of its leaves, I have named indigofera 
coerulea, It is called by the Hindoos of thefe 
parts car- -necli; and is an erect fhrubby {pecies 
growing naturally on dry, barren, uncultivated 

eround to the height of from one to three feet, 
and more in good “garden foil. It nearly refem.- 
bles the indigofer a argentea Lin. the chief dif- 
ference being that the new plant is wholly 
deftitute of down, and the leaves are never 
three’d, but always compofed of from three to 
five pairs of leaflets, with a large fingle ter- 
minal one, and the legumes are very numerous 
on the fame racemus. 


From the leaves of the plant I- have often 
extracted a moft beautiful light indigo, more fo 
than I ever could from the common indigo 
plant, or even from thofe of the nerium tinc- 
torium, and in a large proportion. After an 
inquiry of two years, | have not been able to 
difcover,-that the natives of any part of India 

make 


448 APPENDIX. 


appearances and fucceflive alterations through 
which the green liquor obrained by fcalding the 
indigo plant, becomes finally blue upon the ac- 
cefs of air containing oxygene, and afterwards 
depofits that fingular “feeculence under confider- 
ation; joined to the abfoluce esis of 
producing thefe effects, by any of the other airs 
and mixtures which Dr. THOMDURED very judi- 
cioufly applied for that purpofe, to the green 
liquor, fo long as it was kept Secluded “From 
oxygene, ail ferve to confirm what | have ad- 
vanced in the fifth chapter of this volume, and 
to prove that the blue colour, and the peculiar 
properties of indigo refult wholly from a com- 
bination of oxygene with its vegetable bafis, 
and | am confident that Dr. Roxburgh, upon 
re-confidering the fubject, will accede to this 
conclufion. 


I have no doubt of the pofibility of obtain- 
ing the very bef t indigo from that which is of a 
very. ordinary quality 5 the faults of indigo ge- 
nerally arife not fo mu ich from a want of the 
true colouring matter which belongs to it, As 
from an acum eeure of other heterogenous and 
ufelefs matters by which it 1s debated ; and 
from fome trials which I have made, there is 
reafon to believe, that thefe may all be diffolved 
and feparated by powdering the indigo, and 
fubjecting it firft to the action of a lixivium of 
pot-afh made cau {tic by lime, and afterwards, 
of the muriatic acid diluted by a fufficient pro- 
portion | of water ; taking care firft to rince and 
carry off by warm water whatever the alkali may 
have difflolved: there is hardly any extraneous 
matter which one or other of thefe agents will 
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not diffolve, though neither has any adtioii upon 
indigo itfelf I prefer the muriatic to the ful- 
phuric acid for this purpofe, becaufe it will 
prove at leaft equally efficacious for diffolving 
all, and more efficacious than the fulphuric 
acid for diffolving many of the heterogeneous 
matters in queftion; particularly the oxyds of 
iron, and of other metals, without a poffibility of 
its having any action upon the pure colouring 
matter of the indigo, which may not be true of 
the fulphuric acid: for though the latter, when 
very much diluted, feems to have no power 
of diffolving indigo; yet, I think, if it be ufed 
of a fufficient degree of ftrength to act effica- 
cioufly on the other adhering matters, there 
will be danger of its likewife carrying off fome 
of the true colouring matter of the indigo, and 
thus occafioning a diminution or lofs of that 
precious fubftance. It may however be doubted, 
whether any confiderable benefit would refule 
from this method of purifying indigo, (the fav- 
ing of freight alone excepted,) fince it could not 
add to the portion of colouring matter which 
the indigo previoufly poffeffed; and dyers now 
generally know how to eftitnate, and derive the 
utmoft advantage from, that portion which 
even the worft indigo contains. It is faid, in- 
deed, that the fulphuric acid brightens the co- 
lour of the indigo to which it has been applied 
in this way; an effect which I can readily 
believe, from its analogy to what happens from 
the application of it in making the preparation 
uled for Saxon blue. This, however, muft be 
a fallacious brightnefs, which can add nothing 
to the ufeful properties of indigo for any pur- 
pofe, and may prove difa dvantageous for all 
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fhining copper-caloured feum, and beneath this, 
when feparated, the liquor itfelf exhibited a 
lively green. Being impatient to fee how far 
its effects were fimilar to thofe of indigo dif- 
folved in this way, I applied fome of the green 
liquor as expeditioufly as poffible, by the pen- 
cil, to a bit of callico, and foon perceived that it 
confifted of two very diffimilar colouring mat- 
ters; one, which proved to be true indigo, was 
immediately revived by an abforption of oxy- 
gene, (as happens to the printers blue when fo 
applied,) whilft another part of the liquor 
fpread itfelf farther, and retained a kind of olive 
green colour, which the air did not change. 


The callico after being dried was wafhed with 
foap, and that part of the liquor which had 
fpread fartheft, and retained the olive green 
colour, was foon wholly wafhed out, leaving 
behind the pure indigo adhering to the {pots and 
ftrokes where ithad been applied, Having thus 
convinced myfelf that this fubftance contained a 
portion of true indigo, I powdered an ounce of 
it, and mixed the powder with fix times its 
weight of fulphuric acid, as in making the ful- 
phate of indigo for Saxon blue: in about twenty- 
four hours the powder appeared to be nearly all 
diffolved, and the folution was of a blue colour 
with a greenifh tinge: and by purting a little of 
jt into warm water, and dying a fmall piece of 
flannel therein, a full Saxon blue was foon pro- 
duced ; though the colour had a greenifh caft, 
occaficned manifeftly | oy the fame olive-coloured 
matter which J have jult mentioned as having 
fhewed itfelf upon the cailico, 
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I afterwards tried the method recommended 
by the author of this difcovery, of feparating 
the yellowifh brown colouring matter from the 
powdered green indigo, by repeated ablutions 
with hot water, and then employing a pure 
cauftic vegetable alkali to diffolve the refiduum. 
In this way I obtained a folution which, upon 
wool, dyed a light olive or apple green; I found 
however, as I had forefeen, that none of the true 
indigo had been diffolved either by my trials 
or thofe made in Bengal, it being impoffible, as 
I have formerly explained, to diffolve indigo by 
cauftic alkali alone; and indeed the difcoverer 
of this preparation, in the account which he 
tranfmitted from Bengal, candidly acknowledges 
that he had never been able to diffolve the fup- 
pofed green indigo ‘* entirely, a confiderable 
quantity having always remained precipitated at 
the bottom of the veffel.” And this infoluble 
refiduum (which appears to have been loft, or 
at beft to have remained wholly ufelefs in all the 
experiments made in Bengal) I found by further 
trials to be trug indigo. For by feparating the 
folution made by cauftic vegetable alkali from 
the refiduum, then pouring upon the latter 
farther portions of cauftic alkali in hot water, 
until the lixivium came away colourlefs; and 
afterwards fubmitting what remained to the 
action of muriatic acid, to diffolve any hetero- 
geneous matters which the alkaline menftruum had 
Jeft behind, I at length obtained a confiderable 
quantity of indigo of a middling quality; part of 
which, being diffolved by fulphuric acid, dyed 
wool of a good Saxon blue colour, without any 
of the greenifh tinge which had attended my 
firft trials; and another part being diffolved by 

pot-ath, 


456 APPENDIX. 


their prefent flate, muft prove hurtful inftead of 
being ufeful, as the author of this difcovery 
had expected. 


At page 145 I have faid, that no fubftantive 
vegetable yellow had, as I believed, ever been 
employed in Europe; I have however learned, 
fince that part of the prefent volume was printed, 
that among other means for imitating the filk 
handkerchiefs brought from India and China, a 
tincture of turmeric is applied topically; and 
that it produces a _/ubftantive yellow, which on 
filk proves fufficiently durable, and indeed much 
more fo than I could have believed from the 
trials which I had before made with it in other 
ways. I have been fhewn and have repeated 
the whole procefs by which this imitation 1s very 
ingenioufly performed; but it might be con- 
fidered as a breach of confidence were I to pub- 


lifh any more on this fubject. 
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